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57) ABSTRACT

The present invention relates to a chimeric protein formed by
fusing a CPP containing a CPP-C domain in any of an FGF11,
FGF12,FGF13, and FGF14 to an FGF1 or an FGF2, or DNA
molecules that contain DNA sequences coding the FGF1 or
the FGF2 and DNA sequences coding a CPP-C or vectors
containing these DNA sequences. These chimeric protein,
DNA molecules, or vectors can be used for a medicine or a
method of treatment effective to a tissue on which an expres-
sion of an FGFR is low or becomes low due to any cause, a
medicine or a method of treatment that can further dynamize
bioactivity of the FGF1 or the FGF2 via the FGFR, or a
medicine or a method of treatment that protects a stem cell
against an influence from radiation exposure, a chemo-
therapy, or a similar treatment.
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MEDICAL TREATMENT USE OF
CELL-MEMBRANE-PERMEABLE
FIBROBLAST GROWTH FACTOR

TECHNICAL FIELD

[0001] The present invention relates to a cell-membrane-
permeable fibroblast growth factor. More specifically, the
present invention relates to a chimeric protein formed by
fusing a cell-membrane-permeable peptide (hereinafter
abbreviated as a CPP) to a fibroblast growth factor (hereinaf-
ter abbreviated as an FGF) or a medical treatment use or a cell
culture use of the chimeric protein.

BACKGROUND ART

[0002] The FGF is a physiologically active substance that
stimulates a cell proliferation of mammals. Currently, 23
members classified into seven subfamilies are identified.
Most members of the FGF interact with a fibroblast growth
factor receptor (hereinafter abbreviated as an FGFR) and
activate a tyrosine kinase in an intracellular domain. Through
a signal transduction generated by the activation, bioactivity
is provided (see Introductions in Non-Patent Documents 1 to
24 or a similar document). FGFR family includes four kinds
of FGFR1 to FGFR4. FGFR1 to FGFR3 each has subgroups:
FGFR1a, FGFR1b and FGFRIc, FGFR2a, FGFR2b and
FGFR2c, and FGFR3a, FGFR3b, and FGFR3c (for example,
Non-Patent Documents 1 and 17). It has been known that the
b subgroups are expressed on an epithelial tissue or a similar
tissue while the ¢ subgroups are expressed on a mesenchymal
tissue or a similar tissue (for example, Non-Patent Docu-
ments 1 and 17).

[0003] The FGF1 (may also be referred to as an acidic
fibroblast growth factor) belongs to an identical subfamily to
the FGF2 (may also be referred to as a basic fibroblast growth
factor) (an FGF1 subfamily), having a similar bioactivity to
the FGF2. While the FGF2 weakly interacts with the FGFR2b
that are specifically expressed on the epithelial cell, the FGF1
has a feature of allowing an interaction with all FGFRs (Non-
Patent Document 1). It has been known that the FGF1 also
interacts with CSNK2B, CSNK2A2, HSPA9, S100A13,
casein kinase 2, and FIBP (Non-Patent Documents 25 to 29).
Inview of this, the FGF1 has a possibility of involving various
physiological activities at various mesodermally derived tis-
sues and neuroectodermal tissues, such as the brain, the eyes,
the kidney, the placenta, and the adrenal tissue, not only at a
stage of development but also for the adult. The FGF1 has
been examined on atreatment of ischemic heart disease (Non-
Patent Document 11), vascularization for critical limb
ischemia (Non-Patent Document 12), a healing of skin ulcer
of a diabetic mouse (Non-Patent Document 13), a treatment
of tympanic membrane perforation (Non-Patent Document
14), a prevention and a treatment of radiation-induced intes-
tinal damage (Non-Patent Document 2), a prevention of
radiation-induced hair follicle damage (Non-Patent Docu-
ment 15), amaintenance of stem cells (Non-Patent Document
16), a reduction in migration and invasion of cancer cells
(Non-Patent Document 17), or a similar case.

[0004] Meanwhile, different from the FGF2, the FGF1 is
unstable if not forming a complex with a heparin and a hepa-
ran sulfate (HS), failing to provide the bioactivity. To improve
such property, there has been made an attempt to substitute
some amino acids in the FGF1 to stabilize the structure (Non-
Patent Documents 9, 10, and 19). However, currently, the
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FGF1 actually launched as a medicinal product is a wound
healing agent (generic name: trafermin) whose active ingre-
dient is the FGF2 and a medicine for the prevention and
treatment of radiochemotherapy-induced oral mucositis
whose active ingredient is an FGF7 (generic name: palifer-
min).

[0005] Somedetailed reports on the mechanism ofaction of
the FGF1 have been released. [tis reported that, to provide the
biological activity, such as a cell division and a cell prolifera-
tion, by the FGF1, as well as the signal transduction by the
interaction with the FGFR, translocation of the FGF1 into the
nucleus is necessary (Non-Patent Documents 3 to 5). For
example, Wiedlocha and et al., have reported that, in the
experiment using the FGF1 labelled with CAAX, the trans-
location of the FGF1 into the nucleus to stimulate DNA
synthesis and the translocation of the FGFR1 into the cells
require a binding of the FGF1 to the FGFR (Non-Patent
Document 3). Imamura and et al., report the following. The
Imamura and et al., added the FGF1 lacking the nuclear
localization sequence and the FGF1 recovering the nuclear
localization sequence to the LE-II cell under the conditions of
allowing the interaction with the FGFR. Consequently, the
FGF1 lacking the nuclear localization sequence failed to pro-
vide the cell division activity. Meanwhile, the FGF1 having
the nuclear localization sequence has the cell division activity
(Non-Patent Document 5). Wiedlocha and et al., also report
the following. Wiedlocha and et al., fused the diphtheria toxin
A to the FGF1 to form the chimeric protein and translocate
this chimeric protein into the cells via the diphtheria toxin A
receptor. Consequently, the DNA synthesis was promoted
(Non-Patent Document 4). This report suggests that the trans-
location of the FGF1 into the nucleus has some sort of rela-
tionship with the cell division activity or the cell proliferation.
However, this also suggests that the translocation of the FGF1
into the cells without via the FGFR only to result in the
synthesis of DNA. In this report, Wiedlocha and et al., con-
clude that the activation of the tyrosine kinase with the FGFR
would be required for another process related to the cell
division and the cell proliferation.

[0006] Wiedlocha and et al., also report the following. The
chimeric protein formed by fusing the diphtheria toxin A,
which is one kind of the CPP, to the FGF1 1s translocated into
the cells via the diphtheria toxin A receptor under the condi-
tion of lacking the heparin. However, under the presence of
the heparin, the chimeric protein is not translocated into the
cells. Thus, Wiedlocha and et al., teach that the heparin pre-
vents the chimeric protein formed by fusing the CPP from
passing through the cell membrane (Non-Patent Documents 4
and 24).

[0007] Regarding the mechanism of action of the FGF2,
similar to the FGF1, Non-Patent Document 23 or a similar
document reports the signal transduction and the cellular
internalization via the FGFR and the action inside the cells.

[0008] The examinations on the pharmacological or bio-
logical activity of the FGF1 or FGF2 up to the present sup-
pose such mechanism of action of the FGF1 or FGF2. That is,
on the supposition that the FGFR is expressed on cells at a
lesion site or cells of a damaged tissue, the FGF1 or the FGF2
is interacted with the FGFR. Then, through the signal trans-
duction and the cellular internalization of the FGF1 or FGF2
via the FGFR, a desired activity is attempted to be generated.
However, currently, the mechanism of action of the anti-
apoptotic effect is not clear.
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[0009] For example, Meyer and et al., report that, with the
keratinocyte lacking the FGFR1 and 2, the migration of the
keratinocyte slows, delaying wound skin. Meyer and et al.,
conclude that the presence of the FGFR1 or FGFR2 is nec-
essary to heal the wound skin (Non-Patent Document 22).

[0010] Hagiwaraand etal., report the following. In relation
to the profile of the FGFR expression on the jejunum before
and after irradiation, the FGF1 is superior to the other FGF
family members in the prevention and the treatment of the
damage of the intestinal tract induced by radiation (Non-
Patent Document 2).

[0011] Palmen and etal., report the following. The FGF1 is
effective to recover functions from an ischemic heart disease.
The intracellular signal transduction system via the FGFR
brings this effect (Non-Patent Document 11). Nikol and et al.,
report the following. NVIFGF was administered to the
muscle of the patient with critical ischemic limb to locally
express the NVIFGF. This significantly reduced the risk of
amputation (Non-Patent Document 12). However, Palmen
and et al., report that the administration group had no signifi-
cant in the healing of ulcer from the non-administration
group.

[0012] Goldman and et al., report the test result of admin-
istration of the FGF1 to the perforated eardrum (Non-Patent
Document 14).

[0013] Mellin and et al., report the following. The admin-
istration of the FGF1 to the skin ulcer of the diabetic mouse
promoted the healing of wound dependent of the dose (Non-
Patent Document 13).

[0014] Chen and et al., report the following. The ERK1/2
phosphorylation expression indicative of the activation of the
FGFR by the FGF and the NANOG expression indicative of
pluripotency are taken as indexes. The thermally-stable muta-
tion FGF1 into which the substitution of three amino acids,
Q40P, 5471, and H93G; is introduced maintains the self-
renewal ability and the pluripotency of the ES cells and the
iPS cells (Non-Patent Document 16).

[0015] Liu and et al., report the following. Liu and et al.,
focus on the point that on tumor cells, the FGFR 1¢ is domi-
nantly expressed while the expression of the FGFR1b is low.
On the pancreatic cancer cell line, the FGFR1b is forcibly
overexpressed, and then the FGF1 or a similar factor is
administered. This inhibits the proliferation, the migration,
and the invasion of the cancer cells (Non-Patent Document
17).

[0016] Nakayama and et al, report the following.
Nakayama and et al., administered the FGF1 to the depilated
skin of the BALB/c mouse whose hair follicle was induced to
the growth phase by depilation. Then, irradiation induced the
apoptosis of the hair follicle cells. This resulted in a reduction
in apoptosis (Non-Patent Document 15). Fu and et al., report
the following. Fu and et al., injected the FGF1, the FGF1
lacking the nuclear localization domain (28-154), or a similar
factor to the animal model. The FGF1 lacking the nuclear
localization domain increased the anti-apoptotic effect more
than the FGF1 having the identical domain (Non-Patent
Document 21). Meanwhile, Rodriguez and et al., report the
following. Rodriguez and et al., introduced the FGF1 expres-
sion vectors into the PC12 cell. When Rodriguez and et al.,
observed the nuclear localization of the FGF1 by the test
where the FGF1 was expressed in the cells with dexametha-
sone, the neuronal differentiation and the anti-apoptotic
capacity were increased (Non-Patent Document 20).
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[0017] Thus, it is reported that the anti-apoptotic effect
occurs by the translocation of the FGF1 into the nucleus
regardless of the interaction with the FGFR. Meanwhile, it is
also reported that after the FGF1 is translocated into the cells
by the interaction with the FGFR, the anti-apoptotic effect
increases when the FGF1 is not translocated into the nucleus
rather than the FGF1 migrating into the nucleus. Therefore,
currently, the mechanism of action of the anti-apoptotic effect
brought by the FGF1 is not clear. However, in the test for
confirming the anti-apoptotic effect of the FGF1 is usually
conducted under the condition supposing the interaction
between the FGF1 and the FGFR.

[0018] The FGF11 subfamily member, different from the
other FGF family members including the FGF1 and 2, has a
unique property of not interacting with the FGFR. The FGF11
to 14 belong to this subfamily, and the amino acid sequences
forthe FGF11 to 14 have also been known (Patent Documents
110 6). However, how these FGF's can be translocated into the
cells or whether the FGF is involved in some sort of physi-
ological action in the cells or not was not clear well (Non-
Patent Document 24).

[0019] The inventors report the following. The FGF12 can
be translocated from the outside of the cells into the cells
independent of the FGFR. The cell-membrane-permeable
peptide domains (hereinafter may be abbreviated as CPP
domains) in charge of the cellular internalization are present
at two positions, the center (hereinafter may be referred to as
a CPP-M domain) and a C-terminal part (hereinafter may be
referred to as a CPP-C domain) (Non-Patent Document 8).
This report described that a similar domain is present in
another member of the FGF11 subfamily; however, the
CPP-C domain is not present at the FGF1. This domain pro-
motes the cellular internalization of the FGF12. This report
also described the following. The peptide consisted of the
CPP-C domain of the FGF12 is fused to the FGF1. The
obtained chimeric protein can be translocated into the cells
independent of the FGFR.

[0020] The inventors also described that the FGF12 itself
has the anti-apoptotic activity. Further, the FGF12 fragment
lacking the amino acid residues 140-181 lacks the cellular
internalization property and the anti-apoptotic activity. How-
ever, adding TAT to the FGF12 fragment to recover the cel-
lular internalization property also remarkably reduced the
radiation-induced apoptosis (Non-Patent Document 8). In the
subsequent study, the inventors reported the following. By the
intracellular expression, the peptide consisted of 30 amino
acids derived from FGF12 containing any of the CPP-M
domain or the CPP-C domain proliferated and differentiated
the small intestinal epithelial cells and reduced the apoptosis
(Non-Patent Document 18).
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SUMMARY OF INVENTION

Technical Problem

[0059] As described above, it is considered that the FGF1
and FGF2 basically provide the bioactivity through the signal
transduction and the cellular internalization via the interac-
tion with the FGFR. Factors such as the expression level and
the expression profile of the FGER on the cell surface targeted
for the interaction also affect the bioactivity of the FGF1 and
the FGF2. Therefore, the blood system cells, such as the
lymphocyte, on which the expression of the FGFR is origi-
nally low and a tissue on which the expression of the FGF
receptor lowers due to various factors, such as a burn, radia-
tion, a deficiency of blood supply, and an infection, the FGF1
and the FGF2 cannot fully provide the physiological action.
[0060] In this respect, Hagiwara and et al., report that, after
the total body irradiation with gamma rays, the expression
level of the FGFR2b temporarily deteriorates at the jejunum
of the mouse (Non-Patent Document 2). Mellin and et al.,
point out that a transcription level of the FGFR deteriorates at
the diabetic skin ulcer model, causing a delay in the healing of
wound (Non-Patent Document 13). However, both reports do
not present solutions for the problems associated to the low
expression of the FGFR. Therefore, except for forcibly
expressing the FGFR on the tumor cells (Non-Patent Docu-
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ment 17), the report presenting the means for fundamentally
solving this problem has not yet found. The FGF1 cannot
provide the effect on the hematopoietic cells, such as the
lymphocyte and the granulocyte, which express a low level of
FGFR. However, the above-described reports do not mention
this problem itself at all.

[0061] Ifameans canbe provided to inhibit a proliferation
and a metastasis of tumor cells without forcibly expressing
the FGFR, it is apparent that such means is superior to the
conventional techniques. In the case where the FGFR is
expressed on the cell surface, the FGF1 or the FGF2 can be
translocated into the cells via the FGFR, and the signals can
be transduced via the FGFR. It is considered that this elimi-
nates the need for translocating the FGF1 or a similar factor
into the cells through another route. However, if a means can
be provided to enhance the bioactivity of the FGF1 or the
FGF2 via the FGFR, this will be beneficial. Up to the present,
there seems to have been no reports on the use of the FGF1 or
the FGF2 as a means for protecting stem cells from an influ-
ence, such as irradiation or chemotherapy. Therefore, when
such treatment can be achieved with the FGF1 or the FGF2,
novel choices can be provided for promoting a recovery after
a treatment by radiotherapy or chemotherapy or reducing the
side-effects.

Solutions to Problem

[0062] The inventors of the present invention created the
chimeric protein by fusing the CPP-C of FGF12 to the FGF1
and transferred it into the non-FGFR-expressing cells by
contact with the cells. Unexpectedly, the inventors have found
that various biological or pharmacological activities of the
FGF1 can be expressed in them. The inventors found that such
chimeric protein can inhibit the proliferation and the metasta-
sis of the tumor cells without forcibly expressing the FGFR.
Unexpectedly, the inventors have found that the chimeric
protein provides higher biological or pharmacological activi-
ties in the FGFR-expressing cells than the native FGF1 by
contact with the cells. Further, the inventors have found that
such chimeric protein can protect the stem cells from the
radiotherapy and the chemotherapy. This knowledge is
thought to be similarly applicable to the FGF2, which belongs
to the identical subfamily to the FGF1. The present invention
is based on this knowledge.

[0063] That is, the present invention provides the chimeric
protein formed by fusing the CPP containing any CPP-C
domain of FGF11, FGF12, FGF13, or FGF14 to FGF1 or
FGF?2 in one embodiment of the present invention.

[0064] The present invention provides DNA molecules that
contain DNA sequences coding the FGF1 or the FGF2 and
DNA sequences coding the CPP-C or vectors containing
these DNA sequences in another embodiment.

[0065] The present invention provides a medicinal compo-
sition whose active ingredient is the chimeric protein, the
DNA molecules, or the vectors in yet another embodiment.

[0066] The present invention also provides methods for
preventing or treating various diseases or symptoms caused
by a physiological phenomenon involving FGF1 or FGF2 in
yet another embodiment. The methods include an adminis-
tration step of administrating the chimeric protein, the DNA
molecule, the vector, or the composition of a therapeutically
effective amount to a target requiring the chimeric protein, the
DNA molecule, the vector, or the composition.
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[0067] The present invention also provides a use of the
chimeric protein, the DNA molecule, the vector, or the com-
position for preparing a medicine or a cell culture medium in
yet another embodiment.

[0068] The methods, the medicinal compositions, the chi-
meric proteins, or similar conditions according to the present
invention are not limited to these. However, for example, the
methods, the medicinal compositions, the chimeric proteins,
or similar conditions can be used to: maintain or grow a cell,
protect a stem cell, inhibit an apoptosis of a cell, promote a
migration of a cell, inhibit a proliferation or a metastasis of a
tumor cell, or recover a function of an ischemic tissue. More
specifically, the methods, the medicinal compositions, or the
chimeric proteins of the present invention are effective to, for
example, promote the healing of wound, prevent or treat
damage of the intestinal tract induced by radiation and che-
motherapy, prevent or treat alopecia induced by radiation and
chemotherapy, treat a limb ischemia, treat a diabetic skin
ulcer and a diabetic gangrene, prevent and treat an ischemic
coronary artery disease, treat a tympanic membrane perfora-
tion, and inhibit a proliferation and a metastasis of malignant
fumors.

[0069] The CPP-FGF1 or the CPP-FGF2 chimeric protein
used as the active ingredient in the present invention can be
translocated into the cells more efficiently than the native
FGF1 or FGF2. However, it is thought that the highly-effi-
cient translocation into the cells does not go through the
FGFR. Conventionally, the various biological or pharmaco-
logical activities brought by the FGF1 or the FGF2 are not
expressed only by simply translocating the FGF1 or a similar
factor into nucleus. Therefore, it was thought that the cellular
internalization of the FGF1 or a similar factor through the
FGFR and the signal transduction through the FGFR were
necessary. However, the CPP-FGF1 or CPP-FGF2 chimeric
protein, which is used as the active ingredient in the present
invention, can provide the various biological or pharmaco-
logical activities brought by the FGF1 or the FGF2, although
the CPP-FGF1 or CPP-FGF2 chimeric protein is translocated
into the cells without via the FGFR. Therefore, the medicinal
composition according to the present invention is especially
beneficial for the treatment or the prevention of a symptom or
adisease where all of or some of the FGFRs are not expressed
or the FGFR is expressed at a low level on a lesion or cells of
adamaged tissue to be treated, a symptom where the FGF1 or
the FGF2 cannot be translocated into the cells for any reason,
or a symptom where the FGF1 or a similar factor cannot
interact with the FGFR. In such symptoms, the native FGF1
or a similar factor cannot fully provide the biological or
pharmacological activity. However, the present invention can
provide the means for fundamentally solving the problems.

[0070] The present invention provides novel means for
inhibiting the proliferation and the metastasis of the tumor
cells. The tumor cells exhibit a low expression level by the
FGFR1b; therefore, a treatment using the native FGF1 or
FGF2 fails to obtain the sufficient curative effect. In view of
this, the treatment using the FGF up to the present is that
FGF1 is administered against the tumor cells forcibly
expressing the FGFR1b. However, the present invention
eliminates the need for forcibly expressing the FGFR1b on
the tumor cell. Only administrating the medicinal composi-
tion of the present invention can obtain the curative effect. It
is thought that the mechanism of action that the CPP-FGF1 or
the CPP-FGF2 chimeric protein can be translocated into the
cells independent of the FGFR1b brings such efficacy. This is
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thought to allow inhibiting the proliferation and the metasta-
sis of the tumor cells over the wide range.

[0071] The present invention also provides means for pro-
viding efficacy for a symptom or a disease where the lesion or
the cells of the damaged tissue express(es) the FGFR more
than the conventional method using the FGF1 or the FGF2. In
the symptom or the disease where the FGFR is expressed on
the cell surface, the FGF1 or the FGF2 is caused to be trans-
located into the cells via the FGFR and the signal transduction
can be generated via the FGFR. Accordingly, it is thought that
there is no need to translocate the FGF1 or the FGF2 into the
cells through another route. Meanwhile, the CPP-FGF1 or
CPP-FGF2 chimeric protein unexpectedly provides the bio-
logical or pharmacological activity higher than the native
FGF1 or FGF2.

[0072] The CPP-FGF1 or the CPP-FGF2 chimeric protein
also has an effect to be able to protect the stem cells against
irradiation and the chemotherapy. In view of this, the present
invention provides new choices to promote recovery after the
treatments by radiotherapy and chemotherapy and to reduce
the side-effects.

[0073] Here, the following summarizes the meanings of the
abbreviations and terms used in this description.

FGF: fibroblast growth factor (Note that this description may
collectively call the fibroblast growth factor including a
mutant, which will be described later, and the chimeric pro-
tein).

FGF1: fibroblast growth factor 1 (Note that this description
may collectively call the fibroblast growth factor 1 including
the mutant, which will be described later.)

FGF2: fibroblast growth factor 2 (Note that this description
may collectively call the fibroblast growth factor 2 including
the mutant, which will be described later.)

FGF11: fibroblast growth factor 11 (Note that this description
may collectively call the fibroblast growth factor 11 including
the mutant, which will be described later.)

FGF12: fibroblast growth factor 12 (Note that this description
may collectively call the fibroblast growth factor 12 including
the mutant, which will be described later.)

FGF13: fibroblast growth factor 13 (Note that this description
may collectively call the fibroblast growth factor 13 including
the mutant, which will be described later.)

FGF14: fibroblast growth factor 14 (Note that this description
may collectively call the fibroblast growth factor 14 including
the mutant, which will be described later.) Mutant: the FGF1
represented by any of amino acid sequences shown by SEQ
ID NOs. 1 to 5, the FGF2 represented by any of amino acid
sequences shown by SEQ ID NOs. 6 to 10, or a protein or a
peptide where some amino acids of a cell-membrane-perme-
able peptide represented by any of amino acid sequences
shown by SEQ ID NOs. 11 to 29 are substituted or deleted, or
one or more amino acids are added; or the other known FGF1
or FGF2 or the other known protein or peptide where some
amino acids of a cell-membrane-permeable peptide are sub-
stituted or deleted, or one or more amino acids are added.
CPP: cell-membrane-permeable peptide

CPP-C domain: cell-membrane-permeable peptide domain
present at a C-terminal region of an FGF11 subfamily mem-
ber

CPP-M domain: cell-membrane-permeable peptide domain
present at a center of the

FGF11 subfamily member

CPP-C: unless otherwise mentioned, the FGF11 subfamily
CPP-C domain or a peptide that contains the amino acid
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sequence where some of amino acids are substituted or
deleted and has membrane permeability

CPP-FGF1 chimeric protein: chimeric protein formed by fus-
ing the CPP-C to the FGF1

CPP-FGF2 chimeric protein: chimeric protein formed by fus-
ing the CPP-C to the FGF2

The CPP-FGF 1 chimeric proteinand the CPP-FGF2 chimeric
protein may be simply collectively called as the chimeric
protein.

FGFR: fibroblast growth factor receptor

FACS: flow cytometry

Hydrophilic amino acid: This description uses the hydro-
philic amino acid including at least an arginine, an aspartic
acid, a glutamic acid, a histidine, and a lysine.

Hydrophobic amino acid: This description uses the hydro-
phobic amino acid including at least an alanine, a cysteine, an
isoleucine, a leucine, a methionine, a phenylalanine, a tryp-
tophan, a valine, a proline, and a glycine.

Neutral amino acid: This description uses the neutral amino
acid including at least an asparagine, a glutamine, a tyrosine,
a threonine, and a serine.

BRIEF DESCRIPTION OF DRAWINGS

[0074] FIG.1Ais aschematic diagram schematically illus-
trates a structure of a CPP-FGF1 chimeric protein prepared
and used in an embodiment of this application.

[0075] FIG. 1B illustrates alignments between CPP-C
domains of FGF11, FGF12, FGF13, and FGF14. The amino
acids shown by italics in FIG. 1B are amino acids different
from the corresponding amino acids of the FGF12. FIG. 1C
illustrates the alignments between the CPP-C domains of the
FGF11, FGF12, FGF13, and FGF14 emphasizing arrange-
ment patterns of the amino acids. In FIG. 1C, the amino acids
surrounded by frames are hydrophilic or neutral amino acids,
the amino acids shown by italics are hydrophilic amino acids,
the amino acids shown by underlines are the neutral amino
acids, and the other amino acids are hydrophobic amino
acids.

[0076] FIG. 2illustrates histograms obtained by measuring
a fluorescence intensity of IEC6 cell lines before addition of
and after addition of each fluorescence-labeled FGF by
FACS. FIG. 2A illustrates histograms regarding the FGF12B
and each fragment of partially cleaved FGF12. FIG. 2B illus-
trates histograms regarding the FGF1 and each CPP-FGF1
chimeric protein.

[0077] FIG. 3 is agraph showing an apoptosis proportion of
cells when the IEC6 cell lines are cultured together with each
FGF and then are irradiated with X-rays.

[0078] FIG. 4A illustrates each FGF12B fragment formed
of 30 amino acids derived from different regions of the
FGF12B. FIG. 4B is a graph showing the apoptosis propor-
tion of cells when the IEC6 cell lines are cultured together
with each FGF12B fragment and then are irradiated with
X-rays. F1G. 4C is a graph where a positive fluorescence rate
of the IEC6 cell lines after addition of each fluorescence-
labeled FGF12B fragment is measured over time by the
FACS. FIG. 4D is a graph showing average values of a crypt
survival rate of each group when each FGF12B fragmentora
saline is administered to an abdominal cavity.

[0079] FIG. SA includes photomicrographies (200 powers)
of immunohistostaining by a TUNEL assay on hair follicle
bulb regions of mice irradiated with gamma rays on the whole
body after the intraperitoneal administration of each FGF or
the saline after depilation FIG. 5B is a graph showing average
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number of apoptosis per hair follicle bulb in each administra-
tion group calculated by the TUNEL assay.

[0080] FIG. 6A includes photomicrographies (200 powers)
of immunohistostaining by the TUNEL assay on crypts in the
small intestines of mice whose total bodies were irradiated
with gamma rays after intraperitoneal administration of each
FGF or the saline. FIG. 6B is a graph showing average num-
ber of apoptosis per crypt in each administration group cal-
culated by the TUNEL assay.

[0081] FIG.7A includes photomicrographies (400 powers)
of immunohistostaining with an anti-BrdU on cross-sections
of small intestines of mice to which BrdU was administered
intraperitoneally at 3.5 days after total body irradiation with
gamma rays and intraperitoneal administration of each FGF
or the saline post-irradiation. FIG. 7B is a graph showing the
average values of the crypt survival rate in each administra-
tion group.

[0082] FIG. 8A includes photomicrographies (200 powers)
of the immunohistostaining with an anti-BrdU on cross-sec-
tions of small intestinal epithelial tissues of mice to which
BrdU was administered intraperitoneally at 3.5 days after
total body irradiation with gamma rays and intraperitoneal
administration of each FGF or the saline post-irradiation.
FIG. 8B is a graph showing average values of crypt length in
each administration group.

[0083] FIG. 9 includes photomicrographies (400 powers)
of the immunohistostaining with an anti-Keratin 15 antibody
on tissues in hair follicle bulb regions of mice irradiated with
gamma rays after intraperitoneal administration of each FGF
after depilation.

[0084] FIG. 10A illustrates histograms obtained by mea-
suring a fluorescence intensity of human pancreatic cancer
cell lines MIAPaCa-2 and PANC-1 by FACS before and after
addition of each fluorescence-labeled FGF. FIG. 10B illus-
trates graphs showing the relationship between an absorbance
(a difference in the absorbance from a control) of formazan
that increases in association with a cell proliferation of the
human pancreatic cancer cell lines MIAPaCa-2 and PANC-1
and concentrations of the FGF1 and the CPPF2.

[0085] FIG. 11A includes photographs of culture mediums
when culturing the PANC-1 in culture medium without the
addition of FGF or in culture medium supplemented with
each FGF and then fixing and staining the PANC-1 with
methylene blue/methanol. FIG. 11B is a graph showing aver-
age number of colonies in each group stained by the fixed
staining shown in FIG. 11A.

[0086] FIG. 12 is a graph showing an increase in subcuta-
neous tumor volume of mice over time when subcutaneously
implanting the MIAPaCa-2 to the mice into the thigh and then
intraperitoneally administering each FGF or the saline.
[0087] FIG.13A includes photomicrographies (50 powers)
offilters where cells invaded to gels by an invasion assay were
fixed and stained with a Diff-Quick. FIG. 13B includes
graphs showing average values of an invaded cell proportion
in each group obtained by the invasion assay.

DESCRIPTION OF EMBODIMENTS

[0088] The present invention relates to a chimeric protein
formed by fusing CPP including a CPP-C domain of a FGF11
subfamily member to an FGF1 or an FGF2, DNA molecules
containing DNA sequences coding the FGF1 or the FGF2 and
DNA sequences coding a CPP-C, or a medicinal composition
whose active ingredient is a vector containing theses DNA
sequences, and a use of this chimeric protein or a similar
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compound for medical treatment. The following describes
embodiments of the present invention in detail.

1. Chimeric Protein

1-1. FGF1

[0089] The FGF1 is a physiologically active substance
known for mammals, such as humans, mice, rats, cattle, and
horses. The human FGF1 may have an amino acid sequence
represented by SEQ IDNO. 1. The mouse FGF1 may have an
amino acid sequence represented by SEQ ID NO. 2. The rat
FGF1 may have an amino acid sequence represented by SEQ
IDNO. 3. The cattle FGF1 may have an amino acid sequence
represented by SEQ ID NO. 4. The horse FGF1 may have an
amino acid sequence represented by SEQ ID NO. 5. The
present invention may constitute the chimeric protein with the
FGF1 derived from any mammal. For example, the FGF1 can
be selected according to an animal to be treated.

[0090] An identity in the amino acid sequences among the
FGF1s for these animals is 90% or more. The sequence iden-
tity between the amino acid sequence of the human FGF1 and
the amino acid sequences of the FGF1 derived from the other
animals is 92% or more. Therefore, even if a mutant whose
amino acids differ from some amino acids in the amino acid
sequence is used, as long as the mutant is consisted of the
amino acid sequences with the sequence identity of 90% or
more, the mutant is considered to have a similar biological or
pharmacological activity. From this aspect, with respect to the
amino acid sequences of any FGF1 represented by SEQ 1D
NOs. 1 to 5, the mutant is preferably consisted of the amino
acid sequences with the sequence identity of 70% or more,
more preferably 80% or more, further preferably 90% or
more, and especially preferably 95% or more. These mutants
are thought: to have the bioactivity similar to the FGF1 before
the mutation, or to allow obtaining the functional mutant
easily from the mutant. From the similar point, with respect to
the amino acid sequence represented by SEQ ID NO. 1, the
mutant of the FGF1 used for medical treatment use targeting
the human is consisted of the amino acid sequence with the
sequence identity of preferably 70% or more, more preferably
80% or more, further preferably 90% or more, and especially
preferably 95% or more.

[0091] Meanwhile, the amino acid sequence present at an
N-terminal region of complete FGF1 contributes to nuclear
localization of the FGF1. Regarding at least a part of the
biological or pharmacological activity of the cell prolifera-
tion or a similar action of the FGF1, the nuclear localization
of the FGF1 is thought to be necessary (Non-Patent Docu-
ments 3 to 5). Therefore, maintaining the 22th to 28th amino
acids in the amino acid sequences represented by SEQ 1D
NOs. 1 to Sis preferable. The nuclear localization sequence of
this FGF1 can be substituted by a nuclear localization
sequence derived from another origin, though. For example,
the nuclear localization sequence can be substituted by a
nuclearlocalization sequence derived from a yeast histone 2B
(MGKKRKSKAK) or a similar sequence (Non-Patent Docu-
ment 5). It is thought that even if one to several amino acids of
this nuclear localization sequence is substituted by the similar
hydrophilic or hydrophobic amino acids, the nuclear local-
ization activity is maintained.

[0092] It is thought that substituting the 127 Lys and 133
Lys in the amino acid sequences of SEQ ID NOs. 1 to 5 affects
binding of the FGF1 to heparin, activation of the FGFR, or
DNA synthesis (Non-Patent Documents 6 and 10). Accord-
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ingly, maintaining the amino acids at these positions is also
preferable. However, since the chimeric protein of the present
invention is comparatively stable, even if the 127 is substi-
tuted, a desired activity can be provided.

[0093] Amino acid substitution known for stabilization of
the stereostructure of the FGF1 or contribution to optimiza-
tion may beintroduced. For example, Gln at the position 55 in
the amino acid sequences represented by SEQIDNOs. 110 5
can be substituted by Pro, Ser at the position 62 can be
substituted by Ile, His at the position 108 can be substituted
by Gly, and Lys at the position 127 can be substituted by Asn,
respectively (Non-Patent Documents 9, 10, and 19). Such
substitution may be performed on only one amino acid or a
plurality of amino acids. However, substituting these amino
acids at all positions improves the stability. However, the
chimeric protein used for the present invention, as proved by
working examples described later, is comparatively stable
even without the introduction of such amino acid substitu-
tions, allowing translocation into the cells.

[0094] Inaddition to such substitutions of the amino acids,
amino acids other than the amino acids desired to be main-
tained as described above may be substituted by other amino
acids insofar as the above-described sequence identity is kept.
Note that the number of amino acids to be substituted is
preferably less than 10, more preferably less than 8, and
further preferably less than 5.

[0095] It is thought that even if the mutant lacks all of or a
part of the C-terminal region of the complete FGFR1 or the
mutant is the one where another amino acid sequence is
inserted in the middle of the identical region and therefore the
identical region is separated, the activity of the FGF1 is main-
tained. Therefore, for example, the mutant may lack all of or
some of the amino acids in the C-terminal region of the FGF1
in the amino acid sequences 152 to 155 represented by SEQ
ID NOs. 1 to 5. In the mutant, another amino acid sequence
may be inserted in the middle of the amino acid in the C-ter-
minal region of this FGF1. As a typical example, an FGF1
mutant can be listed. In the FGF1 mutant, between the amino
acid sequences 150 and 151 represented by SEQID NOs. 1 to
5, for example, the amino acid sequence derived from another
origin, such as the CPP, is inserted, thus separating the C-ter-
minal region. Meanwhile, with respect to the amino acid
sequences of 1 to 150 represented by any of SEQ ID NOs. 1
to 5, the amino acid sequence preferably has the sequence
identity 0f 90% or more and more preferably has the sequence
identity of 95% or more.

[0096] For example, Non-Patent Document 9, 10, and 19
report the substitution and removal of some amino acids in the
FGF1. This description incorporates these contents by refer-
ence.

1-2. FGF2

[0097] The FGF2 is also a physiologically active substance
known for mammals, such as humans, mice, rats, cattle, and
horses. The human FGF2 may have an amino acid sequence
represented by SEQ ID NO. 6. The mouse FGF2 may have an
amino acid sequence represented by SEQ ID NO. 7. The rat
FGF2 may have an amino acid sequence represented by SEQ
ID NO. 8. The cattle FGF2 may have an amino acid sequence
represented by SEQ ID NO. 9. The horse FGF2 may have an
amino acid sequence represented by SEQ ID NO. 10. The
present invention may constitute the chimeric protein with the
FGF2 derived from any mammal. For example, the FGF2 can
be selected according to an animal to be treated.
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[0098] Comparing the amino acid sequences of the FGF2s
among these animals, the sequence not observed in the other
animals is present at the N-terminal of the human FGF2.
Meanwhile, a region having significantly high sequence iden-
tity, 95% to 99% is present among the all animals. This
common domain is thought to pertain to the activity of the
FGF2.

[0099] Specifically, theamino acids 134 to 288 in the amino
acid sequence represented by SEQ ID NO. 6 and the amino
acid sequences represented by SEQ ID NOs. 7 to 10 mutually
have the sequence identity of 95% or more. With respect to
any of these amino acid sequences, as long as the protein
contains the amino acid sequence with the sequence identity
of 80% or more, preferably 90% or more, and more preferably
95% or more, even if some amino acids in the amino acid
sequence represented by any of SEQ ID NOs. 6 to 10 are
substituted or deleted, or another amino acid is added, the
FGF2 activity is thought to be provided.

[0100] Similar to the FGF1, it is thought that even if the
mutant lacks all of or a part of the C-terminal region of the
complete FGF2 or the mutant is the one where another amino
acid sequence is inserted in the middle of the identical region
and therefore the identical region is separated, the activity of
the FGF2 is maintained. For example, the mutant may lack all
of or some of the amino acids 283 to 288 in the amino acid
sequence represented by SEQ ID NO. 6, the amino acids 149
to 154 in the amino acid sequences represented by SEQ ID
NOs. 7 to 9, or the amino acids 150 to 155 in the amino acid
sequence represented by SEQ ID NO. 10. In the mutant,
another amino acid sequence may be inserted in the middle of
the amino acid in the C-terminal region of this FGF1. As a
typical example, an FGF2 mutant can be listed. In the FGF2
mutant, between the 282 and 283 in the amino acid sequence
represented by SEQ ID NO. 6, between the 148 and 149 in the
amino acid sequences represented by SEQ ID NOs. 7t0 9, or
between the 149 and 150 in the amino acid sequence repre-
sented by SEQ ID NO. 10, for example, the amino acid
sequence derived from another origin, such as the CPP, is
inserted, thus separating the C-terminal region.

[0101] Comparing the domains common to these FGF2s
with the FGF1 (the amino acids 1 to 155 in the SEQ ID NOs.
1 to 5), the domains have the sequence identity of 53% to
55%.

1-3. CPP

[0102] The chimeric protein used for the present invention
as the active ingredient has a structure of fusing the CPP
containing the FGF11 subfamily CPP-C domain (CPP-C) to
the FGF1 or the FGF2. As the chimeric protein formed by
fusing the CPP to the FGF1 or a similar factor, a chimeric
protein formed by fusing a diphtheria toxin A to the FGF1 has
been known. However, it had been understood that even if this
chimeric protein is administered to translocate the FGF1 into
the cells, this only synthesizes the DNA, but the FGFR needs
to participate in this for the division and proliferation of the
cells (Non-Patent Documents 4 and 24). Meanwhile, with the
chimeric protein formed by fusing the CPP-C to the FGF1,
the FGF1 provided various bioactivities.

[0103] The CPP-C can be obtained from mammals, such as
humans, mice, rats, cattle, and horses. The CPP-C can be
appropriately selected according to a target to be adminis-
tered and a purpose of use of the chimeric protein or a similar
condition.
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[0104] For example, the CPP-C domains of the human
FGF11 to 14 are each represented by the amino acid
sequences shown by SEQ ID NOs. 11, 12, 13, and 14. The
CPP-C domains of the mouse FGF11 to 14 are each repre-
sented by the amino acid sequences represented by SEQ 1D
NOs. 15,16, 17, and 18. The CPP-C domains of therat FGF11
to 14 are each represented by the amino acid sequences shown
by SEQ ID NOs. 19, 20, 21, and 22. The CPP-C domains of
the cattle FGF11 to 14 are eachrepresented by the amino acid
sequences shown by SEQ ID NOs. 23, 24, 25, and 26. The
CPP-C domains of the horse FGF11, FGF13, and 14 are each
represented by the amino acid sequences shown by SEQ ID
NOs. 27, 28, and 29.

[0105] The sequence identity among the FGF11 subfamily
CPP-C domains for animals is 80 to 100% with the FGF11,
100% with the FGF12, 100% with the FGF13, and 100% with
the FGF14. For example, differences in the sequence among
the FGF11 subfamily CPP-C domains for the human are as
illustrated in FIG. 1B. The sequences have the sequence iden-
tity of 60% 1o 80% where 2 to 4 amino acids are mutually
different. Meanwhile, as illustrated in FIG. 1C, for example,
among the FGF11 subfamilies for the human, the sequence
patterns of the hydrophilic amino acids or the neutral amino
acids and the hydrophobic amino acids are common. The
third and the ninth amino acids from the N-terminal side of
the amino acid sequence constituting the CPP-C domain are
hydrophilic, the seventh amino acids are neutral, the eighth
amino acids are hydrophilic or neutral, and the other sites are
all hydrophobic.

[0106] Therefore, as long as the mutant meets the follow-
ing, the cellular internalization of the chimeric protein is
considered to be possible. The sequence patterns of the
CPP-C domain represented by any of the SEQ ID NOs. 11 to
29 and the hydrophilic amino acids or the neutral amino acids
and the hydrophobic amino acids, and preferably the
sequence patterns of the hydrophilic amino acids, the neutral
amino acids, and the hydrophobic amino acids are common.
Furthermore, the mutant belongs to the FGF11 subfamily
CPP-C having the sequence identity of 60% or more, prefer-
ably 80% or more, and more preferably 90% or more. How-
ever, substitution among the amino acids with more similar
polarity is preferable. For example, it is preferable that the
peptide containing the CPP-C domain consisted of the fol-
lowing amino acids.

First: proline or leucine (preferably the proline)

Second: isoleucine or leucine (preferably the leucine)
Third: glutamic acid or lysine (preferably the glutamic acid)
Fourth: valine

Fifth: cysteine or alanine (preferably the alanine)

Sixth: methionine or valine (preferably the methionine)
Seventh: tyrosine

Eighth: arginine, lysine, or glutamine (preferably the argin-
ine)

Ninth: glutamic acid

Tenth: proline

[0107] One or more amino acids may be further added to
both or one of the terminals of the amino acid sequences
constituting the CPP-C domain of the CPP, which constitutes
the chimeric protein. For example, the CPP-C can be consti-
tuted of the amino acids of more than 10 to 40 or less. Alter-
natively, for example, the entire CPP-C can be derived from
any of the FGF11 to 14 for various mammals, and the CPP-C
can be constituted of the consecutive amino acids of more
than 10. However, the less the additional amino acids is, the
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more a cell membrane permeation effect is. Therefore, the
CPP-C containing the additional amino acids is preferably
constituted of 40 or less amino acid residues, more preferably
25 or less, further preferably 20 or less, and more further
preferably 15 or less, and is especially preferably constituted
of only the CPP-C domains. From the similar aspect, in the
case where the entire CPP-C is derived from the human
FGF11 to 14, the CPP-C contains the amino acid sequence
expressed by any of SEQ ID NOs. 11 to 14. Additionally, the
CPP-C is preferably constituted of the consecutive amino
acids of 40 or less, more preferably the consecutive amino
acids of 25 or less, further preferably the consecutive amino
acids of 20 or less, and more further preferably the consecu-
tive amino acids of 15 or less. Especially preferably, the
CPP-C is constituted of only the amino acid sequence repre-
sented by any of SEQ ID NOs. 11 to 14. Surely, with the
amino acid sequence constituting the CPP, some of, prefer-
ably, within a several number of amino acids may be substi-
tuted while maintaining the above-described sequence pat-
terns of the hydrophobic amino acids or the neutral amino
acids and the hydrophilic amino acids in the CPP-C domain.
[0108] Non-Patent Document 8 describes the details of the
CPP derived from the FGF11 subfamily member. This
description incorporates the content by reference.

1-4. Joining of CPP to FGF1

[0109] Thechimeric proteinaccording to the present inven-
tion is formed by fusing the CPP-C to the FGF1 or FGF2.
However, both may be directly joined and may be joined via
a joining segment made of the peptide. The joining segment
made of the peptide is preferably constituted of the hydro-
philic amino acids such as the aspartic acid and the glutamic
acid. From the point of stereostructure, the joining segment is
preferably made of amino acids of less than 10, which is more
preferable than that made of amino acids of less than 3.
[0110] In the case where another peptide is not joined, the
CPP-C can be joined to the N-terminal side of the FGF1.
However, usually, the CPP-C is joined to the C-terminal side
oris inserted into the middle of the amino acid sequence in the
C-terminal region. More specifically, for example, the CPP
can be joined via the joining segment or without via the
joining segment to the FGF1 mutant obtained by cutting the
C-terminal side at any given position of the 151 to 155 in the
amino acid sequences shown by SEQ ID NOs. 1to 5, or to the
C-terminal of the FGF1 mutant where the complete FGF1 or
the C-terminal region is completely maintained. Alterna-
tively, for example, the CPP-C can be inserted into any given
position of the 151 to 155 in the amino acid sequences shown
by SEQ IDNOs. 1to 5 via one or two of the joining segments
or without via the joining segment.

[0111] Similarly, the CPP can be joined via the joining
segment or without via the joining segment to the FGF2
mutant obtained by deleting the C-terminal side at any given
position of the amino acids 283 to 288 in the amino acid
sequence represented by SEQ ID NO. 6, the amino acids 149
to 154 in the amino acid sequences represented by SEQ ID
NOs. 7 t0 9, or the amino acids 150 to 155 in the amino acid
sequence represented by SEQ ID NO. 10, or to the C-terminal
of the FGF2 mutant where the complete FGF2 or the C-ter-
minal region is completely maintained. Alternatively, for
example, the CPP-C can be inserted into any given position of
the amino acids 283 to 288 in the amino acid sequence rep-
resented by SEQ ID NO. 6, the amino acids 149 to 154 in the
amino acid sequences represented by SEQ ID NOs. 7t0 9, or
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the amino acids 150 to 155 in the amino acid sequence rep-
resented by SEQ ID NO. 10 via one or two of the joining
segments or without via the joining segment.

[0112] Such constitution allows introducing the CPP-C
while designing the amino acid sequence featuring high
homology with the amino acid sequence of the original FGF1
or FGF2. Therefore, this constitution is preferable from the
point of maintaining the original functions of the FGF1 or
FGF2.

[0113] FIG. 1A schematically illustrates the structure of the
CPP-FGF1 chimeric protein according to a preferred embodi-
ment of the present invention. This embodiment separates the
amino acid sequence of the FGF1 between 150 and 151. The
CPP-C of the FGF11 subfamily member is inserted into the
position via an EcoRI cleavage sequence and a Sall cleavage
sequence. In this embodiment, the CPP-C is constituted only
with 10 residues of amino acids constituting the CPP-C
domain. The 1 to 150 in the amino acid sequence of the FGF1
are maintained. Therefore, it is thought that the CPP-C fea-
tures high cell membrane permeability, and the biological or
pharmacological activity of the FGF1 is completely main-
tained. Actually, as proved in the working example, which
will be described later, the CPP-C can provide various high-
level pharmacological actions. The specific amino acid
sequences of such chimeric protein are shown by SEQ 1D
NOs. 30 to 33,

1-5. Method for Preparing Chimeric Protein

[0114] The following describes an exemplary method for
preparing the above-described CPP-FGF1 or CPP-FGF2 chi-
meric protein.

[0115] The DNA coding the FGF1 or FGF2 is replicated by
synthesis, polymerase chain reaction (PCR). or a similar
method. A restriction enzyme cleavage site is added to an
appropriate site of this DNA and is cleaved by restriction
enzyme.

[0116] Meanwhile, the CPP is coded, a single-stranded
DNA fragment also having the corresponding restriction
enzyme cleavage terminal is synthesized, and a double-
stranded DNA fragment is formed by annealing. Afterwards,
using a DNA ligase, the DNA fragment coding the CPP is
inserted into and joined to the cleavage site of the DNA that
codes the FGF1 or FGF2. One kind or two kinds of the
restriction enzymes can be used.

[0117] As vectors that incorporate the DNA, which codes
this chimeric protein, as long as the vectors are reproduced
and held in a host, any vectors can be used. For example, the
vector is an expression vector, such as a plasmid from
FEscherichia coli (pBR322, pBR325, pUCI12, and pET-3), a
plasmid from Bacillus subtilis, a bacteriophage such as a
gamma phage, a derivative of the bacteriophage, an animal
virus such as a retrovirus, an adenovirus, and a vaccinia virus,
and an insect virus.

[0118] The gene of the chimeric protein may have an ATG
as a translation initiation codon at the 5'-terminal. The gene of
the chimeric protein may have a TAA, TGA, or the ATG as a
translation termination codon at the 3'-terminal. These
expression vectors preferably contain a promotor at upstream
of the code sequence of the CPP-FGF chimeric protein. The
gene can be preferably expressed on the host. Insofar as the
promotor is appropriate for the host used for the expression of
the gene, any promotor may be used.

[0119] As the host, for example, the Escherichia coli (for
example, BL21, BL21 (DE3), BL21 (DE3) pLysS, and BL.21
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(DE3) pLysE), the Bacillus subtilis (for example, Bacillus
subtilis DB305), the yeast (for example, Pichia pastoris and
Saccharomyces cerevisiae), the animal cell (for example, a
COScell,aCHO cell,aBHK cell,an NIH3T2 cell, alI-TUVE
cell, and a LEII cell), and the insect cell are listed.

[0120] For transformation, it is only necessary to select an
applicable method according to each host. For example, in the
case where the host is the Escherichia coli, a heat shock
method and an electroporation method can introduce recom-
binant DNAs or the vectors into competent cells made by a
calcium method or another method.

[0121] Thus, a transformant that holds the vectors contain-
ing the recombinant DNAs coding the CPP-FGF1 chimeric
protein is obtained. Culturing this transformant produces the
CPP-FGF1 chimeric protein. It is only necessary to select a
culture medium appropriate to the culture of the transformant
according to the host. For example, in the case where the host
is the Escherichia coli, an LB culture medium is used. In the
case where the host is the yeast, an YPD culture medium or a
similar culture medium is used. It is also only necessary to
accordingly select a culture condition appropriately accord-
ing to each host. For example, in the case where the host is the
FEscherichia coli, the culture is performed at around 30 to 37°
C. for around 3 to 24 hours, and as necessary, ventilation and
stir can be added.

[0122] After the culture, as a method for breaking cultured
bacterial cells or the cultured cells to elute the chimeric pro-
tein, for example, a homogenizet, a French press, an ultra-
sonic wave, a lysozyme, and a freeze thaw are listed. The
chimeric protein can be purified by one of or in combination
with the known separation method from a soluble fractionand
apurification method. Such separation method or purification
method can include, for example, a salting-out, a solvent
precipitation, a dialysis, an ultrafiltration, a gel filtration, an
SDS-polyacrylamide gel electrophoresis, an ion exchange
chromatography, an affinity chromatography, a reversed-
phase high-performance liquid chromatography, and an iso-
electric-focusing electrophoresis. As one preferable example,
in the case where a heparin-binding domain is saved in the
FGF1 part of the chimeric protein, a method that uses the
heparin binding to isolate the chimeric protein can be listed.
Specifically, for example, the heparin-sepharose chromatog-
raphy is caused to adsorb the chimeric protein, and the chi-
meric protein is eluted using a gradient of sodium chloride.
Thus, the chimeric protein is separated and purified.

[0123] Usually, the chimeric protein obtained as described
above is preferably refrigerated at 4° C. or less or is keptin a
freezer. As long as the activity is not lost, dialyzing the chi-
meric protein to substitute the chimeric protein with an appro-
priate solvent is also possible. Furthermore, freeze drying can
also be performed to form the chimeric protein into dry pow-
der.

2. Recombinant DNAs or Vectors

[0124] The present invention canuse the recombinant DNA
that codes the above-described chimeric protein or the vector
that includes such recombinant DNA as the active ingredient.
This embodiment, for example, can express the above-de-
scribed chimeric protein inside the body using such recom-
binant DNAs or vectors for target treatment.

[0125] As the recombinant DNA, the following can be
listed as a typical example. The recombinant DNA includes a
DNA sequence having a sequence identity of at least 60%,
preferably 70% or more, more preferably 80% or more, and
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especially preferably 90% or more with respect to a DNA
sequence coding the amino acid sequence of the FGF1 rep-
resented by any of SEQ ID NOs. 1 to 5 or the FGF2 repre-
sented by any of SEQ ID NOs. 6 to 10. The recombinant DNA
also includes a DNA sequence coding an amino acid
sequence having the identical sequence pattern to the
sequence pattern of the FGF11 subfamily CPP-C domain
represented by any of SEQ ID NOs. 11 to 29 or the FGF11
subfamily CPP-C domain and the hydrophobic amino acids
or the neutral amino acids and the hydrophilic amino acids.
[0126] As the vectors, the vectors generally used for a gene
therapy may be used, for example, an adenovirus, a retrovi-
rus, a hemagglutinating virus of Japan, and a plasmid. Pref-
erable vectors can be selected according to the object. Espe-
cially, the hemagglutinating virus of Japan is preferable.
[0127] The method for introducing and expressing a chi-
meric DNA of the present invention in a living body includes,
for example, a membrane fusion liposome and nanoparticles.

3. Medicinal Use of Chimeric Protein

[0128] The CPP-FGF1 chimeric protein of the present
invention contains the FGF1 as the main component part.
Accordingly, the CPP-FGF1 chimeric protein is effective to
symptoms or diseases that can be prevented or treated by the
native FGF1. Therefore, not only in the stage of development
also for the adult, the CPP-FGF1 chimeric protein is effective
to various medical uses involving cell divisions at various
tissues, such as the brain, the central nerve, the kidney, the
placenta, the adrenal gland, the skin, the hair, the eardrum, the
eye, and the digestive tract such as the intestinal tract; and a
physiological action, such as a cell proliferation, an anti-
apoptosis, protection of stem cells, and vascularization. For
example, the chimeric protein of the present invention is not
limited to these. The chimeric protein is effective for preven-
tion or treatment of an exfoliation, a degeneration, a ulcer, a
necrosis, a damage, or a damage of a tissue, such as the brain,
the central nerve, the kidney, the placenta, the adrenal gland,
the skin, the hair, the eardrum, the eye, the digestive tract such
as the intestinal tract, and the reproductive tissue such as the
ovary caused by radiation, chemotherapy, physical interven-
tion, apoptosis, or other causes. Alternatively, the chimeric
protein is effective for prevention or treatment of an ischemic
symptom or a disease such as a limb ischemia or an ischemic
coronary artery disease; or a proliferation, a metastasis, or a
similar phenomenon of the lung cancer, the stomach cancer,
the colon cancer, the pancreatic cancer, the renal cell carci-
noma, the squamous cell carcinoma, the malignant mela-
noma, the uterine cancer, the ovarian cancer, the bladder
cancer, the ureter cancer, and the tumor cell such as the
angiosarcoma.

[0129] The CPP-FGF1 or CPP-FGF2 chimeric protein
according to the present invention is translocated into the
cells independent of the FGFR, allowing activating the bio-
logical or pharmacological activity by the FGF1 or the FGF2.
Inview of this, the chimeric protein of the present invention is
especially effective for the prevention or treatment of the
hematopoietic cells such as the lymphocyte where the expres-
sion of the FGFR is originally low, the tissue where the
expression of the FGFR is deteriorated due to various factors,
such as a burn, radiation, a deficiency of blood supply, and an
infection, a tumor where a profile for the expression of the
FGFR differs from a normal tissue, or a symptom where the
FGF1 or the FGF2 cannot be translocated into the cells or
cannot interact with the FGFR due to any cause. Under these
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symptoms or diseases, the low expression of the FGFR or a
similar factor becomes an obstacle; therefore, the administra-
tion of the native FGF1 or a similar factor failed to obtain
sufficient prevention or curative effect. Accordingly, the com-
position of the present invention can bring improved preven-
tion and curative effects for these symptoms or diseases.
Examples of these diseases or symptoms are: the prevention,
the treatment, or a similar medical practice of a disorder of a
skin tissue by burn, a disorder of a tissue such as the intestinal
tract induced by radiation or chemotherapy, an exfoliation of
a tissue caused by an apoptosis induced by, for example,
radiation, such as an alopecia induced by radiation or chemo-
therapy, an ischemic symptom or a disease such as a limb
ischemia or an ischemic coronary artery disease, a diabetic
skin ulcer or a diabetic gangrene, the proliferation, the
metastasis, or a similar phenomenon of the lung cancer, the
stomach cancer, the colon cancer, the pancreatic cancer, the
renal cell carcinoma, the squamous cell carcinoma, the malig-
nant melanoma, the uterine cancer, the ovarian cancer, the
bladder cancer, the ureter cancer, and the tumor cell such as
the angiosarcoma.

[0130] Other constituents of the medicinal composition
containing the chimeric protein or a similar component
according to the present invention are not especially limited.
For example, using a medicinally allowable solvent, such as a
diluent, an excipient, a carrier, and an adjuvant, in accordance
with a common procedure for formulation and production,
the medicinal composition can be prepared to dosage forms,
such as a liquid medicine, a parenteral injection, powder, a
granule, a tablet, a suppository, an ointment, an enteric tablet,
or a capsule. The medicinal composition according to the
present invention is not especially limited regarding an
administration route as well. According to an indication, dos-
age forms, or a similar condition, the medicinal composition
can be administered orally or parenterally, such as intravas-
cularly, subcutaneously, intraperitoneally, and intratumor-
ally. A dose of the medicinal composition according to the
present invention is appropriately changed depending on the
dosage forms, the administration route, and the symptom. For
example, to intravenously administrate the medicinal compo-
sition to the mammal including the human, administrating the
chimeric protein of about 0.001 to 1 mg/weight kg for one day
is preferable. For administration by being injected subcuta-
neously, administrating the chimeric protein of about 0.01 to
10 mg/weight kg for one day is preferable.

[0131] The medicinal composition of the present invention
may contain an active ingredient as well as the CPP-FGF1
chimeric protein. The additional active ingredient can
include, for example, cytokine such as G-CSF, other cell
proliferation factors such as VEGF, HGF, and EGF, or a
molecularly targeted drug targeting these factors.

[0132] The active ingredient thus used together is selected
according to an indication. For example, in the case of treat-
ing the tumor, the molecularly targeted drug or a similar drug
can be combined. For prevention or treatment of a radiation
disorder, the cytokine, the growth factor, or a similar active
ingredient can be combined.

Working Examples

[0133] Hereafter, the present invention is described in
greater detail using the working examples, although the tech-
nical scope of the present invention is not limited to these
working examples.
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Testing Methods and Testing Materials

[0134] The following summarizes testing methods and
matetials used for each working example.

1. FGF1, FGF12B, and FGF12B Fragments

[0135] The FGF1 having the amino acid sequence shown
by SEQ ID NO. 1 was prepared in accordance with the
method described in Non-Patent Document 8. The FGF12B
and FGF12B fragments were also prepared in the procedure
described in Non-Patent Document 8. The amino acid
sequence of the FGF12B is shown by SEQ 1D NO. 34.

2. Chimeric Protein

[0136] The chimeric proteins formed by fusing each CPP-C
derived from the FGF11, FGF12, FGF13, and FGF14 of the
FGF11 subfamily to the FGF1 (hereinafter abbreviated as a
CPPF1, CPPF2, CPPF3, and CPPF4, respectively) were pre-
pared in accordance with the method described in Non-Patent
Document 8. The related description of Non-Patent Docu-
ment 8 is incorporated here by reference.

[0137] FIG. 1A illustrates the structure of each chimeric
protein. The amino acid sequences of the chimeric proteins
are shown by SEQ ID NOs. 30 to 33. 3. FACS

[0138] 1In accordance with the method described in Non-
Patent Document 8, each FGF was fluorescence-labeled. The
fluorescence intensity was measured with FACS Calibur
(manufactured by BD Biosciences).

4. TUNEL Assay

[0139] In accordance with the method described in Non-
Patent Document 8, an apoptosis was detected from a paraf-
fin-embedded section of a mouse tissue.

5. Experimental Mouse

[0140] Treatments of mice in each working example were
conducted based on animal ethics described in the Animal
Protocol, which had been preliminary approved by the Insti-
tutional Animal Care and Use Committee of the National
Institute of Radiological Sciences.

Evaluation for Cellular Internalization Ability 1

[0141] This test evaluated the cellular internalization abil-
ity of the CPP-FGF1 chimeric protein on the cells where the
expression of the FGFR was low.

[0142] This test used rat small intestinal cell lines TEC6 as
testing cells. The testing cells were seeded on a 24-well plate
by 1x10° cells for each well. A DMEM culture medium
containing 5% FCS and 4 pg/ml insulin was added to each
well and was cultured for six hours. The cells were accumu-
lated to the plate. Afterwards, the fluorescence-labeled
FGF12B, each fluorescence-labeled FGF12B fragment
(A170 to 181, A160 to 181, A150 to 181, and A140 to 181)
from which the C-terminals were additionally removed in
units of ten residues, fluorescence-labeled FGF1, CPPF1,
CPPF2, CPPF3, and CPPF4 were added to the plate so as to be
each 1 pg/ml. After the culture for 24 hours, the cells were
harvested from the plate with trypsin. The fluorescence inten-
sity ofthe cells was measured by the FACS, and the amount of
the FGF translocated into the cells was measured.

[0143] FIG. 2A illustrates FACS histograms before and
after addition ofthe FGF12B or each FGF12B fragment. FIG.
2B illustrates FACS histograms before and after addition of
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the FGF1 or each CPP-FGF1 chimeric protein. The dotted
lines indicate the FACS histograms for the cells before addi-
tion of each FGF. The solid lines indicate the FACS histo-
grams for the cells after addition of each FGF.

[0144] As illustrated in FIG. 2A, with the cell cultured by
the FGF12B, the cell population indicated by the solid line
greatly moves rightward. Accordingly, it can be seen that the
fluorescence intensity of the cell is intensive. Even if the
residues were lost in units of ten from the C-terminal of the
FGF12B, with the FGF12B fragments maintaining the amino
acid residues 1 to 149 (A170-181, A160-181, and A150-181),
the fluorescence intensity hardly changed and remained
intensive. However, among these fragments, the fluorescence
intensity was the maximum at the fragment where the shortest
amino acid residues 150-181 were removed. Meanwhile,
with the fragment where the amino acid residues 140-181
were removed, the fluorescence intensity rapidly weakened.
From these results, it is presumed that the amino acid residues
140-149 of the FGF12B were the CPP-C domain. Mean-
while, it has been shown that even if the amino acids are added
to before and after this CPP-C domain, the cellular internal-
ization ability is acquired. It has also been guessed that less
number of amino acids added to before and after the CPP-C
domain provides higher cellular internalization ability.
[0145] As illustrated in FIG. 2B, with the cells cultured
with the FGF1, the cell population indicated by the solid line
moves rightward little. Accordingly, it can be seen that the
fluorescence intensity of the cell is weak. Meanwhile, with
the cells cultured together with each chimeric protein (the
CPPF1, CPPF2, CPPF3, and CPPF4), the cell population
indicated by the solid line greatly moves rightward compared
with the FGF1. Accordingly, it can be seen that the fluores-
cence intensity of the cells are intensive. Among the four
kinds of chimeric proteins, the fluorescence intensity was
almost identical. From this result, it has been proved that,
compared with the FGF1, the CPP-FGF1 chimeric proteins
were able to be translocated into the cells efficiently.

Evaluation for Inhibitory Effect on Apoptosis 1

[0146] This test evaluated the inhibitory effect of CPP-
FGF1 chimeric protein on radiation-induced apoptosis in the
cells.

[0147] This test also used the rat small intestinal cell lines
IEC6 not expressing an FGFR as testing cells. The cells were
plated at 3x10* cells per 3.5-cm dish. The DMEM culture
medium containing 5% FCS and 4 pg/ml insulin was added to
each dish. Fach dish was put into an incubator under an
atmosphere at 37° C. and 5% CO, and then was cultured for
16 hours. Next, the heparin at a concentration of 5 pg/ml was
added to each culture medium. In a control group, the FGF
was not added. In each experimental group, the FGF1,
CPPF1, CPPF2, CPPF3, and CPPF4 were added at a concen-
tration of 100 ng/ml, respectively. Further, after the culture for
24 hours, X-rays were irradiated at 20 Gy. After the irradia-
tion for 24 hours, the cells were fixed with 2% glutaraldehyde,
and nuclear staining was performed with 20 pg/ml Hoechst
33258. Then, one visual field with the cells of 200 or more
was examined microscopically by ten visual fields with an
inverted fluorescence microscope. Thus, the number of cells
involving the pycnosis was calculated. This pyknotic cells
were determined as cells that induced the apoptosis by irra-
diation with X-rays. A proportion of the number of pyknotic
cells to a total number of the cells microscopically examined
in each visual field was evaluated as the apoptosis proportion.
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[0148] FIG. 3 shows an average value+/- standard devia-
tion (S.D.) of the apoptosis proportion of the control group
and each experimental group. In the drawing, ** indicates the
experimental groups where P<0.01 was met by a multiple test
on the control group. *** indicates the experimental groups
where P<0.001 was met by the identical test.

[0149] Inthe control group that did not contain the FGF, the
apoptosis proportion reached to about 45%. Even in the
experimental group with addition of the FGF1, a significant
reduction in apoptosis proportion was not observed compared
with the control group. Meanwhile, in the experimental
groups with addition of the CPP-FGF1 chimeric proteins
(CPPF1, CPPF2, CPPF3, and CPPF4), all the apoptosis pro-
portions were significantly reduced compared with the con-
trol group. This has proved the following. The FGF1 fails to
effectively inhibit the apoptosis of cells expressing no FGFR.
Meanwhile, the CPP-FGF1 chimeric protein can inhibit the
apoptosis even on such cells. The fact that the FGF1, which s
originally expected to inhibit the apoptosis via the FGFR, did
not exhibit a significant difference from the control is consis-
tent to the fact that the expression of the FGFR on the IEC6
cell was not confirmed. Meanwhile, the fact that the CPP-
FGF1 chimeric protein can inhibit the apoptosis even under
such condition, it is highly possible that this situation is
caused by a property of the CPP-FGF1 chimeric protein being
able to be translocated into the cells independent of the
expression of the FGFR.

Evaluation for [nhibitory Effect on Apoptosis 2

[0150] This test evaluated the inhibitory effect of FGF12B
and FGF12 fragments on radiation-induced apoptosis in the
cells.

[0151] This test used the FGF12B and each FGF12 frag-
ments illustrated in FIG. 4A as the FGFs. The P8 fragment
contains the CPP-M, and the P11 and P12 fragments contain
the CPP-C. As the testing cells, this test also used the rat small
intestinal cell line TEC6.

[0152] The testing procedure is similar to the evaluation
regarding the above-described inhibitory effect on the apop-
tosis. FIG. 4B shows an average value +/- standard deviation
(S.D.) of the apoptosis proportion of the control group and
each experimental group. In the drawing, * indicates the
experimental groups where P<0.05 was met by the multiple
test on the control group. *** indicates the experimental
groups where P<0.001 was met by the identical test.

[0153] Inthe control group that did not contain the peptide,
the apoptosis proportion reached to about 45%. In all the
experimental groups with the addition of the P8, P10, and
P12, the apoptosis proportion was significantly reduced com-
pared with the control group. Meanwhile, after all, in the
experimental group with the addition of the P11, which con-
tained the CPP-C, the apoptosis proportion was not signifi-
cantly reduced compared with the control group. This has
proved that the P12 made of the 30 amino acids containing the
CPP-C reduces the apoptosis, while the CPP-C itself made of
the 10 amino acids cannot inhibit the apoptosis. Furthermore,
it has also been proved that the peptide containing the CPP-M
domain of the center reduces the apoptosis.

[0154] FIG. 4C shows the cellular internalization ability of
the C-terminal peptide of the FGF12B. FIG. 4C is a graph
where a positive fluorescence rate of the IEC6 cell line is
measured over time by the FACS after addition of each fluo-
rescence-labeled peptide at the concentration of 10 pg/ml.
Peaking at 24 hours, the P12, which contained the CPP-C,



US 2015/0299280 Al

was translocated into the cells. Although the P11, which
similarly contained the CPP-C, exhibited the positive fluo-
rescence rate lower than the P12, similar to the P12, the P11
was translocated into the cells peaking at 24 hours. Mean-
while, the P10 and the P13 exhibited extremely low positive
fluorescence rate after the elapse of 24 hours.

[0155] FIG. 4D isagraph showingaverage values ofa crypt
survival rate in a peptide or a saline intraperitoneal adminis-
tration group. Eight-week old male BALB/c mice were used.
In the control group, a 0.5 ml of saline containing 5% mouse
serum was administered to the abdominal cavity of the
mouse. In the experimental groups, each 100 pg of the Pg,
P10, and P12 was diluted with the 0.5 ml of saline containing
5% mouse serum and was administered to the abdominal
cavity of the mouse. After the elapse of 24 hours, the gamma
rays at 10 Gy were irradiated at a dose rate of 0.5 Gy/min on
the whole body of the mice from each group. After the elapse
of three and half days from the irradiation, the mice were
euthanized and then the jejuna were sampled. After fixing the
jejuna with 10% formalin, the paraffin-embedded sections
were made and the sections were stained with HE. Using the
microscope, a crypt where ten or more of crypt cells were
present was determined as survived. The number of crypts of
each cross section was counted on ten cross sections of intes-
tine, and the average number of crypts was calculated. Fur-
thermore, this average value was divided by the average num-
ber of crypts in each cross section in a non-irradiated group to
obtain a relative value (a crypt survival rate). The graph shows
the average value +/- standard deviation (S.D.) of the crypt
survival rate of three individuals of mice in each group.
[0156] The group administrating the P8 or the P12 exhib-
ited significantly high crypt survival rate in the jejunum com-
pared with the control group. However, the group adminis-
trating the P10 did not exhibit significantly high crypt
survival rate in the jejunum compared with the control group.

Evaluation for Preventive Effect Against Hair Follicle
Damage

[0157] This test evaluated the preventive effect of CPP-
FGF1 chimeric protein against hair loss and hair follicle
damages induced by radiation. In the hair follicles, the cells
are divided actively in the growth phase during which the hair
follicles are highly sensitive to radiation. In view of this,
irradiation on the hair follicles in this period is likely to cause
the apoptosis. This apoptosis indexes for the hair follicle
disorder. Accordingly, an inhibitory effect of CPP-FGF1 chi-
meric protein on radiation-induced apoptosis was measured
in the hair follicles of the mice in the growth phase to evaluate
the preventive effect against the hair follicle damage.

[0158] Backs of male BALB/c mice of 51 to 53 days old
after birth were depilated. Thus, the hair follicles in the rest-
ing stage were induced to the growth phase. At the elapse of
five days after the depilation, in the control group, 0.5 ml of
saline containing 5% mouse serum was administered to the
abdominal cavity of the mouse. In the experimental groups,
each 100 ug of FGF1, FGF12, CPPF1, CPPF2, CPPF3, and
CPPF4 was diluted with the 0.5 ml of saline containing 5%
mouse serum and was administered to the abdominal cavity
of the mouse. After the elapse of 24 hours, the gamma rays at
12 Gy were irradiated at the dose rate of 0.5 Gy/min on the
whole body. After the elapse of 24 hours from the irradiation,
the mice were euthanized and then the skins were sampled.
Afterwards, the skins were fixed with 10% formalin, the
paraffin-embedded sections were made, and the TUNEL
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assay was performed. The TUNEL positive cells were
regarded as apoptotic cells, and the number of apoptosis of
each hair follicle bulb was calculated at three or more visual
fields.

[0159] FIG. 5A includes photomicrographies (200 powers)
of immunohistostaining on hair follicle bulb regions of mice
from each group by the TUNEL assay. The arrow in the
drawing indicates the TUNEL positive cell (namely, the apo-
ptotic cell). FIG. 5B shows the average value+/- standard
deviation (S.D.) of the number of apoptosis of each hair
follicle bulb at three or more visual fields in each group. In the
drawing, *** indicates the experimental groups meeting P<0.
001 by the multiple test on the control group where the saline
containing 5% mouse serum was administered.

[0160] In the control group, by total body irradiation with
gamma rays at 12 Gy, about 11 cells of the TUNEL positive
cells exhibiting apoptosis in the hair follicle bulb region were
detected from each hair follicle bulb. In the FGF1 adminis-
tration group and the FGF12 administration group, the num-
ber of TUNEL positive cells on each hair follicle bulb was
significantly reduced compared with the control group. In the
groups administrating the CPP-FGF1 chimeric proteins
(CPPF1, CPPF2, CPPF3, and CPPF4), the number of all
TUNEL positive cells on each hair follicle bulb significantly
reduced compared with not only the control group butalso the
FGF1 administration group (P<0.001) and the FGF12 admin-
istration group (P<0.05). This has proved that the CPP-FGF1
chimeric protein exhibited the preventive effect against the
hair loss and hair follicle disorders much higher than the
FGF1 and the FGF12.

Preventive Effect Against Radiation-Induced Intestinal
Damage

[0161] This test evaluated the preventive effect of CPP-
FGF1 chimeric proteins against radiation-induced intestinal
damage. The crypts where the stem cells are present play a
considerably important role in a recovery process of a small
intestinal epithelium damaged by exposure to radiation.
Therefore, the extent of radiation damage correlates the num-
ber of apoptosis present at the crypts. In view of this, the
number of apoptosis at the crypt of the mouse, which was
irradiated, was measured to evaluate the preventive effect of
CPP-FGF1 against radiation-induced intestinal damage.
[0162] Eight-week old male BALB/c mice were used. In
the control group, 0.5 ml of saline containing 5% mouse
serum was administered to the abdominal cavity of the
mouse. [n the experimental groups, each 100ug of the FGF1,
FGF12, CPPF1, CPPF2, CPPF3, and CPPF4 was diluted in
0.5 ml of saline containing 5% mouse serum and was admin-
istered intraperitoneally into the mouse. After the elapse of 24
hours, the gamma rays at 12 Gy were irradiated at the dose
rate of 0.5 Gy/min on the whole body of each mouse. At 24
hours after irradiation, the mice were euthanized and then the
small intestines were sampled. Afterwards, the small intes-
tines were fixed with 10% formalin, the paraffin-embedded
sections were made, and the TUNEL assay was performed.
The TUNEL positive cells were regarded as apoptotic cells,
and the number of apoptosis at each crypt was calculated at
ten fields.

[0163] FIG. 6A includes photomicrographies when per-
forming the immunochistostaining on crypts in the small intes-
tines of mice from each group by the TUNEL assay. The
arrow in the drawing indicates the TUNEL positive cell
(namely, the apoptotic cell). FIG. 6B shows the average
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value+/- standard deviation (8.D.) of the number of TUNEL
positive cells at each crypt in ten visual fields in each group.
In the drawing, *** indicates the experimental groups meet-
ing P<0.001 by the multiple test on the control group where
the saline containing 5% mouse serum was administered.
[0164] As illustrated in FIG. 6B, in the control group, after
total body irradiation with gamma rays at 12 Gy, the number
of apoptosis was detected by 4.41 in average at each crypt.
However, in the FGF1 administration group, the number of
apoptosis was significantly reduced to 3.61 in average (P<0.
001). In the FGF12 administration group, the number of
apoptosis was also significantly reduced to 2.18 in average
(P<0.001). In the groups administrating each CPP-FGF1 chi-
meric protein (CPPF1, CPPF2, CPPF3 and CPPF4), the num-
ber of apoptosis were remarkably reduced to 1.50, 1.63, 1.58,
and 1.51 in average, respectively. An apoptosis reduction
ratio of the FGF1 administration group compared with the
control group was only 18.1%. Meanwhile, the apoptosis
reduction ratio was 66% in the CPPF1 administration group,
63.1% in the CPPF2 administration group, 64.2% in the
CPPF3 administration group, and 65.8% in the CPPF4
administration group, all of which reach 60% or more. These
CPP-FGF1 administration groups significantly reduced the
apoptosis (P<0.001) compared with the FGF1 administration
group as well. The apoptosis reduction ratio of the FGF12
administration group compared with the control group was
50.5%, also significantly reducing the apoptosis compared
with the FGF12 group.

[0165] This has proved that the CPP-FGF chimeric protein
has high protective effect against radiation-induced intestinal
damage compared with the FGF1 and the FGF12.

Evaluation for Effect on Promoting Recovery of Damaged
Small Intestine 1

[0166] This test indexed the number of crypts regenerated
after irradiation to evaluate the effect of CPP-FGF1 chimeric
protein on promoting the recovery of small intestine damaged
by radiation.

[0167] Eight-week old male BALB/c mice were used. First,
the gamma rays at 10 Gy were irradiated at a dose rate 0f 0.5
Gy/min on the whole body of the mice from each group. After
the elapse of 24 hours from the irradiation, in the control
group, a 0.5 ml of saline containing 5% mouse serum was
administered to the abdominal cavity of the mouse. In the
experimental groups, each 10 pg of the FGF1, CPPF1,
CPPF2, CPPF3, and CPPF4 was diluted with the 0.5 ml of
saline containing 5% mouse serum and was administered to
the abdominal cavity of the mouse. After the elapse of three
and half days from the irradiation, BrdU was incorporated
into the dividing cells by intraperitoneal injection of a BrdU
labeling solution. After the elapse of two hours, the mice were
euthanized, and the jejuna were sampled. After fixing the
jejuna with 10% formalin, the paraffin-embedded sections
were made. The immunohistostaining was performed on this
section with an anti-BrdU antibody, and then this section was
stained with hematoxylin.

[0168] FIG. 7A includes photomicrographies of cross-sec-
tional intestines that show crypts with cells incorporating
BrdU and to which the anti-BrdU antibodies are bound. Using
the microscope, a crypt where ten or more of anti-BrdU
antibody positive cells were present was determined as sur-
vived. The number of crypts of each cross section was
counted on ten cross sections of intestine, and the average
value of the number of crypts was calculated. Furthermore,
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this average value was divided into the average value of the
number of crypts in each cross section in a non-irradiated
group to obtain the relative value (the crypt survival rate).
FIG. 7B shows the average value+1- standard deviation
(8.D.) of the crypt survival rate of three individuals of mice
from each group. In the drawing, ** indicates the experimen-
tal groups meeting P<0.01 by the multiple test on the control
group where the saline containing 5% mouse serum was
administered while *** indicates the group meeting P<0.001
by the identical test.

[0169] In the control group administrating the saline con-
taining 5% mouse serum, the crypt survival rate of the
jejunum after irradiation of gamma rays at 10 Gy on the whole
body was only 0.26. Even in the FGF1 administration group,
the crypt survival rate was not significantly increased. Mean-
while, in the groups administrating each CPP-FGF1 chimeric
protein (CPPF1, CPPF2, CPPF3 and CPPF4), the crypt sur-
vival rates of the jejunum were 0.45, 0.48, 0.48, and 0.51,
respectively, being significantly high crypt survival rates
compared with not only the control group but also the FGF1
administration group (P<0.05). This result also has proved
that the CPP-FGF1 chimeric protein exhibited extremely
high effect to promote the recovery of the small intestine
damaged by radiation compared with the FGF1.

Evaluation for Effect on Promoting Recovery of Damaged
Small Intestine 2

[0170] This test also evaluated the effect of CPP-FGF1
chimeric protein on promoting the recovery from radiation-
induced intestinal damage. However, this test indexes the
length of the crypt. The length of the crypt reflects the number
of cells present at the crypt, namely, the proliferation ability
of the epithelial cell. Accordingly, the length becomes a good
index for evaluation on recovery capability from the disorder
of the small intestine.

[0171] Eight-week old male BALB/c mice were used. The
gamma rays at 10 Gy were irradiated at a dose rate of 0.5
Gy/min on the whole body of the mice from each group. After
the elapse of 24 hours from the irradiation, in the control
group, 0.5 ml of saline containing 5% mouse serum was
administered to the abdominal cavity of the mouse. In the
experimental groups, each 10 ug of the FGF1, CPPF1,
CPPF2, CPPF3, and CPPF4 was diluted with the 0.5 ml of
saline containing 5% mouse serum and was administered to
the abdominal cavity of the mouse. After the elapse of three
and half days from the irradiation, a BrdU labeling solution
was injected intraperitoneally and BrdU was incorporated
into the dividing cells. After the elapse of two hours, the mice
were euthanized, and the jejuna were sampled. After fixing
the jejuna with 10% formalin, the paraffin-embedded sections
were made. The immunohistostaining was performed on this
section with an anti-BrdU antibody, and then this section was
stained with hematoxylin.

[0172] FIG. 8A includes photomicrographies of small
intestinal epitheliums on which the immunohistostaining was
performed to show crypts with the cells labeled with BrdU
and bound by anti-BrdU antibody in each group. Using the
microscope, three tissue images were acquired from each
group. In each image, the length of ten crypts was measured
to obtain the average value of the length in each group. Based
on this average value, the relative value was calculated com-
pared with that of the control group administrating the saline.
FIG. 8B shows an average relative value+/- standard devia-
tion (S.D.) of the crypt length in each group. In the drawing,
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*** indicates the experimental groups meeting P<0.001 by
the multiple test on the control group.

[0173] In the FGF1 administration group, the crypt in the
jejunum was significantly longer than in the control group at
3.5 days after total body irradiation of gamma rays at 10 Gy.
Meanwhile, in the groups administrating each CPP-FGF1
chimeric protein (CPPF1, CPPF2, CPPF3, and CPPF4), the
crypt in the jejunum was not only longer by twice or more
than in the control group but also significantly longer (P<0.01
to 0.001) than in the FGF1 administration group.

[0174] This result also has proved that CPP-C-fused FGF is
more effective at promoting recovery from radiation-induced
intestinal damage than FGF1.

Evaluation for Protective Effect on Stem Cell

[0175] This test evaluated the radioprotective effect of
CPP-FGF chimeric protein on the stem cells present in the
hair follicles against radiation.

[0176] Backs of male BALB/c mice of 51 to 53 days old
after birth were depilated. Thus, the hair follicles in the rest-
ing stage were induced to the growth phase. At the elapse of
five days after the depilation, in the control group, 0.5 ml of
saline containing 5% mouse serum was administered to the
abdominal cavity of the mouse. In the experimental groups,
each 100 pg of FGF1, CPPF1, CPPF2, CPPF3, and CPPF4
was diluted in 0.5 ml of saline containing 5% mouse serum
and was administered to the abdominal cavity of the mouse.
After the elapse of 24 hours, the gamma rays at 12 Gy were
irradiated at the dose rate of 0.5 Gy/min on the whole body.
After the elapse of 24 hours from the irradiation, the mice
were euthanized and then the skins were sampled. After-
wards, the skins were fixed with 10% formalin, and the par-
affin-embedded sections were made. Then, the immunohis-
tochemical staining was performed on the paraffin-embedded
section with an antibody against Keratin 15, which is a marker
for hair follicle stem cells.

[0177] FIG. 9 shows photomicrographies of hair follicle
bulge regions stained immunchistochemically in a non-irra-
diated group, a control group of saline containing 5% mouse
serum, and each FGF administration group. The arrow indi-
cates a Keratin 15 positive hair follicle stem cell.

[0178] 1In the control group administering the saline con-
taining 5% mouse serum and irradiated with gamma rays at
12 Gy on the whole body, the Keratin 15 positive hair follicle
stem cells in the hair follicle bulge region were reduced
compared with the non-irradiated group. In the FGF1 admin-
istration group as well, the hair follicle stem cells were
reduced by the irradiation. Meanwhile, in the groups admin-
istrating the CPP-FGF1 chimeric proteins (CPPF1, CPPF2,
CPPF3, and CPPF4), the number of hair follicle stem cells in
the bulge region was significantly large compared with not
only the control group but also the FGF1 administration
group, reaching the number of hair follicle stem cells to a
level of equal to or more than the non-irradiation control
group. This result has proved that CPP-FGF1 chimeric pro-
tein was more effective to protect and maintain the hair fol-
licle stem cells against radiation than FGF1.

Evaluation for Cellular Internalization Ability 2

[0179] This test evaluated the cellular internalization abil-
ity of the CPP-FGF1 chimeric protein into cancer cells.

[0180] Using human pancreatic cancer cell lines MIA-
PaCa-2 and PANC-1, the cellularinternalization ability of the
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FGF1, FGF12, and CPPF2 into both cells was measured by
the procedure similar to the procedure described in “Evalua-
tion for Cellular Internalization Ability 1.7 As illustrated in
FI1G. 10A, the FGF1 was not able to be translocated into both
cells, and the FGF12 also exhibited little cellular internaliza-
tion. Meanwhile, the CPP-C-fused FGF was able to slightly
be translocated into the cells.

Evaluation for Effect on Inhibiting Proliferation of Cancer
Cells 1

[0181] This test evaluated the effect of CPP-FGF1 chimeric
protein to inhibit the proliferation of the cancer cells utilizing
a decomposition by WST-1 cells. The WST-1, which is stable
tetrazolium salt, is decomposed into soluble formazans on a
surface of a cell having metabolism activity. Accordingly, the
WST-1 directly correlates to the number of cells having the
metabolism activity during culture. Therefore, the amount of
formazan before and after administrating each FGF was mea-
sured at an absorbance of 450 nm to evaluate the effect to
inhibit the tumor cell proliferation.

[0182] Ina96-well plate, 1x10* cells of the human pancre-
atic cancer cell lines MIAPaCa-2 and PANC-1 were each
plated respectively, and were cultured in DMEM culture
medium containing 10% FCS for six hours. Afterwards, at a
concentration of 5 pug/ml, the heparin was added into the
culture medium. In the control group, the FGF was not added
while in the experimental groups, the FGF1 and the CPPF2
were further added to the culture medium at the concentration
0f0.1to0 1000 ng/mL for each to design the culture medium to
be 0.1 mL. The tests were conducted in triplicate for each
group. The plate was put into an incubator under an atmo-
sphere at 37° C. and 5% CO, and then was cultured for 18
hours. Then, 10 ul of WST-1 reagent (manufactured by
Roche Applied Science) was added into the culture medium
and was additionally cultured for 4 hours. Afterwards, the
absorbance of OD450 was measured to evaluate the tumor
cell proliferation.

[0183] FIG. 10Billustrates graphs showing the relationship
between concentrations of the FGF1 and the CPPF2 and the
amount of formazan that increases in association with the cell
proliferation. The vertical axis indicates the difference in
absorbance from the OD450 value of the control. Accord-
ingly, a higher value means high level of the cell proliferation
with respect to the control group.

[0184] Adding the FGF1 to the MIAPaCa-2 cells increased
the absorbance and increased the tumor cells compared with
the control, whereas adding the CPPF2 inhibited the cell
proliferation at the concentration of 10 ng/mL or more com-
pared with the control. Meanwhile, although 0.1 to 1 ng/mL
FGF1 increased the PANC-1 cells more than the control, the
addition ofeven FGF1 at 100 ng/mL or more inhibited the cell
proliferation more than the control. The CPPF2 markedly
inhibited the cells at 0.1 ng/mL more than the control, and
inhibited the cell proliferation up to 1000 ng/mL. This result
has proved that the CPP-FGF1 chimeric protein can inhibit
the proliferation of the pancreatic cancer cells.

Evaluation for Effect on Inhibiting Proliferation of Cancer
Cells 1

[0185] This test evaluated the effect of CPP-FGF1 chimeric
protein to inhibit the proliferation of the cancer cells by
colony-forming assay.
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[0186] Ineach 6-cmdish, 100 cells of the human pancreatic
cancer cell line PANC-1 cells were plated. A DMEM culture
medium containing 10% FCS and 5 pg/ml of heparin was
added to the dish. The FGF was not added in the control
group, while each FGF was further added so as to be 100
ng/ml in the experimental groups. Then, the culture medium
of'each group was cultured for 13 days. Afterwards, they were
fixed with 1% methylene blue/30% methanol and stained, and
the number of colonies consisting of 50 cells or more stained
on the dish in each group was calculated to evaluate the
proliferation ability of the cancer cells.

[0187] The tests were conducted in duplicate for each
group. The average number of colonies on the two dishes in
each group was obtained. FIG. 11A includes photographs
showing culture plates after being stained in a control group
and groups with addition of each FGF. FIG. 11B shows an
average value+/- standard deviation (S.D.) of the number of
colonies of each group. In the drawing, ** indicates the
experimental groups meeting P<0.01 by the multiple test on
the control group.

[0188] In control group without addition of the FGF, the
number of colonies (the average value) reached to 18.5. In the
group with addition of FGF1, the number of colonies (the
average value) did not significantly reduce compared with the
control group. Meanwhile, in the groups with addition of the
CPP-FGF1 chimeric proteins (CPPF1, CPPF2, CPPF3, and
CPPF4), the number of colonies significantly reduced to 11.5,
9.5,11, and 10, respectively compared with the control group.
A colony reduction ratio to the control group was 37.8% in the
CPPF1 administration group, 48.6% in the CPPF2 adminis-
tration group, 40.5% in the CPPF3 administration group, and
45.9% in the CPPF4 administration group. Thus, in all the
groups with addition of the CPP-FGF 1 chimeric proteins, the
number of colonies reduced to about 40%. Compared with the
group with addition of FGF1, in the group with addition of the
CPP-FGF1 chimeric protein, the number of colonies signifi-
cantly reduced (P<0.05 to 0.01). This result has proved that
the CPP-FGF1 chimeric protein can significantly inhibit the
proliferation of cancers compared with FGF1.

Evaluation for Effect on Inhibiting Proliferation of Cancer
Cells 2

[0189] This test evaluated the effect of CPP-FGF1 chimeric
protein to inhibit mass formation of the cancer cells using a
mouse transplant model.

[0190] Experiments using mice were conducted based on
the preliminary approved Animal Protocol considering the
animal ethics. 1x10° cells of human pancreatic cancer cell
lines MIAPaCa-2 were suspended into 10 pl of phosphate
buffered saline (PBS) and were injected subcutaneously into
the right thigh of a male SCID mouse of seven-week old after
birth. In the control group, the mouse was given intraperito-
neally 0.5 ml of saline containing 5% mouse serum to the
mouse in total of six times, after the elapse of one hour, after
the elapse of 24 hours, after the elapse of 48 hours, after the
clapse of seven days, after the elapse of 14 days, and after the
elapse of 21 days. In the experimental group, 10 pg of CPP-
FGF1 chimeric protein (CPPF2) diluted in 0.5-ml of saline
containing 5% mouse serum was given. After subcutaneously
injecting the cancer cell lines, the size of the subcutaneous
mass was measured by digital calipers over time to calculate
the average volume in five mice per group.

[0191] FIG. 12 shows volume changes in a subcutaneous
tumor at a right thigh over time in the control group and the

Oct. 22,2015

experimental group. In the drawing, the arrows indicate the
timings of intraperitoneal administrations. In the experimen-
tal group administering the CPPF2, the average volume of
tumors was always smaller than that in the control group from
the 18th day until the 31th day. This result has showed that the
CPP-FGF1 chimeric protein has an inhibitory effect on the
formation of masses of cancer cells.

Evaluation of Inhibitory Effect on Metastasis of Cancer Cells
[0192] This test evaluated the effect of CPP-FGF1 chimeric
protein to inhibit the metastasis of cancer cells using an inva-
sion assay. The cancer cells have the following properties that
they secrete protease, break basement membranes, and
migrate, when they metastasize. The inhibitory effect of CPP-
FGF1 chimeric protein on invasion of cancer cells was evalu-
ated by invasion assay utilizing these properties of cancer
cells.

[0193] On a filter of a Boyden Chamber for the 24-well
plate, 20 ul, (66 pg) of matrigel was coated and gelatinized.
Afterwards, to the lower well, 650 uL of DMEM culture
medium containing 10% FCS was added. Meanwhile, 1.5x
10° cells of the MIAPaCa-2 cells or the PANC-1 cells were
suspended into 100 uL. of DMEM culture medium containing
0.35% BSA. Then, this suspended liquid was added to the
upper well.

[0194] Next, 5 pg/ml heparin was added to the culture
medium in the lower well and the upper well. To the well of
the control group, the FGF was not added. To the wells of the
experimental groups, FGF1 and the CPPF2 were each added
additionally so as to be 100 ng/mL. The plate was put into an
incubator under the atmosphere at 37° C. and 5% CO2 and
was cultured for 24 hours. Thus, the invasion of the cancer
cells to the gels was induced. The invaded cells were fixed and
stained by the Diff-Quick (manufactured by Sysmex Corpo-
ration) by the filter of the chamber. The number of stained
cells was calculated and regarded as the number of invaded
cells. The tests were conducted quadruply for each group and
the average value was obtained. A proportion of the average
number of invaded cells in each group to the number of cells
suspended into the culture medium was obtained and
regarded as an invasion cell proportion.

[0195] FIG. 13A includes photomicrographies of filters
when fixing and staining the cells invaded to the gels by an
invasion assay by the Diff-Quick. FIG. 13B shows an average
value+/- standard deviation (S.D.) of the invasion cell pro-
portion of each group. In the drawing, ** indicates the experi-
mental group where P<(.01 was met by the multiple test on
the control group. *** indicates the experimental groups
where P<0.001 was met.

[0196] In the control group, the MIAPaCa-2 cells invaded
by 2.34%, in the FGF1 administration group, the MIAPaCa-2
cells invaded by 1.52%, and in the CPPF2 administration
group, the MIAPaCa-2 cells invaded by 1.03%. In the control
group, the PANC-1 cells exhibited the invasion rate of 1.27%,
in the FGF1 administration group, the PANC-1 cells exhib-
ited the invasion rate of 0.81%, and in the CPPF2 adminis-
tration group, the PANC-1 cells exhibited the invasion rate of
0.26%. Seeing this from a perspective of a reduction ratio of
invasion with respect to the control group, the FGF1 inhibited
the cancer cell invasion to 35% by the MIAPaCa cells and to
36% by the PANG 1. Meanwhile, the CPP-C-fused FGF
(CPPF2) further powerfully inhibited the cancer cell inva-
sion, 56% by the MIAPaCa cells and 80% by the PANC-1.
This has proved that the CPP-FGF1 chimeric protein inhib-
ited invasive capacity of the cancer cells compared with the
FGF1, further inhibiting the metastasis of the cancer.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 34

<210> SEQ ID NO 1

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: hFGF1

<400> SEQUENCE: 1

Met Ala Glu Gly Glu Ile Thr Thr Phe Thr Ala Leu Thr Glu Lys Phe
1 5 10 15

Asn Leu Pro Pro Gly Asn Tyr Lys Lys Pro Lys Leu Leu Tyr Cys Ser
20 25 30

Asn Gly Gly Hig Phe Leu Aryg Ile Leu Pro Asp Gly Thr Val Asp Gly
35 40 45

Thr Arg Asp Arg Ser Asp Gln His Ile Gln Leu Gln Leu Ser Ala Glu
50 55 60

Ser Val Gly Glu Val Tyr Ile Lys Ser Thr Glu Thr Gly Gln Tyr Leu
65 70 75 80

Ala Met Asp Thr Asp Gly Leu Leu Tyr Gly Ser Gln Thr Pro Asn Glu
85 90 95

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr
100 105 110

Ile Ser Lys Lys His Ala Glu Lys 2Asn Trp Phe Val Gly Leu Lys Lys
115 120 125

Asn Gly Ser Cys Lys Arg Gly Pre Arg Thr His Tyr Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Leu Pro Val Ser Ser Asp
145 150 155

<210> SEQ ID NO 2

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: mouse

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: mFGF1

<400> SEQUENCE: 2

Met Ala Glu Gly Glu Ile Thr Thr Phe Ala Ala Leu Thr Glu Arg Phe
1 5 10 15

Asn Leu Pro Leu Gly Asn Tyr Lys Lys Pro Lys Leu Leu Tyr Cys Ser
20 25 30

Asn Gly Gly His Phe Leu Arg Ile Leu Pro Asp Gly Thr Val Asp Gly
Thr Arg Asp Arg Ser Asp Gln His Ile Gln Leu Gln Leu Ser Ala Glu
50 55 60

Ser Ala Gly Glu Val Tyr Ile Lys Gly Thr Glu Thr Gly Gln Tyr Leu
65 70 75 80

Ala Met Asp Thr Glu Gly Leu Leu Tyr Gly Ser Gln Thr Pro Asn Glu
85 90 95

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr
100 105 110

Thr Ser Lys Lys His Ala Glu Lys Asn Trp Phe Val Gly Leu Lys Lys
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-continued

115 120 125

Asn Gly Ser Cys Lys Arg Gly Pro Arg Thr His Tyr Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Leu Pro Val Ser Ser Asp
145 150 155

<210> SEQ ID NO 3

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: rat

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: rFGF1

<400> SEQUENCE: 3

Met Ala Glu Gly Glu Ile Thr Thr Phe Ala Ala Leu Thr Glu Arg Phe
1 5 10 15

Asn Leu Pro Leu Gly Asn Tyr Lys Lys Pro Lys Leu Leu Tyr Cys Ser
20 25 30

Asn Gly Gly His Phe Leu Arg Ile Leu Pro Asp Gly Thr Val Asp Gly

Thr Arg Asp Arg Ser Asp Gln His Ile Gln Leu Gln Leu Ser Ala Glu
50 55 60

Ser Ala Gly Glu Val Tyr Ile Lys Gly Thr Glu Thr Gly Gln Tyr Leu
65 70 75 80

Ala Met Asp Thr Glu Gly Leu Leu Tyr Gly Ser Gln Thr Pro Asn Glu
85 90 95

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr
100 105 110

Thr Ser Lys Lys His Ala Glu Lys Asn Trp Phe Val Gly Leu Lys Lys
115 120 125

Asn Gly Ser Cys Lys Arg Gly Pro Arg Thr His Tyr Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Leu Pro Val Ser Ser Asp
145 150 155

<210> SEQ ID NO 4

<211> LENGTH: 155

<212> TYPE: PRT

«213> ORGANISM: Bovine

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: bFGF1

<400> SEQUENCE: 4

Met Ala Glu Gly Glu Thr Thr Thr Phe Thr Ala Leu Thr Glu Lys Phe
1 5 10 15

Asn Leu Pro Leu Gly Asn Tyr Lys Lys Pro Lys Leu Leu Tyr Cys Ser
20 25 30

Asn Gly Gly Tyr Phe Leu Arg Ile Leu Pro Asp Gly Thr Val Asp Gly
35 40 45

Thr Lys Asp Arg Ser Asp Gln His Ile Gln Leu Gln Leu Cys Ala Glu
50 55 60

Ser Ile Gly Glu Val Tyr Ile Lys Ser Thr Glu Thr Gly Gln Phe Leu
65 70 75 80

Ala Met Asp Thr Asp Gly Leu Leu Tyr Gly Ser Gln Thr Pro Asn Glu
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85 90 95

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr
100 105 110

Ile Ser Lys Lys His Ala Glu Lys His Trp Phe Val Gly Leu Lys Lys
115 120 125

Asn Gly Arg Ser Lys Leu Gly Pro Arg Thr His Phe Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Leu Pro Val Ser Ser Asp
145 150 155

<210> SEQ ID NO &

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: Equine

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: eFGF1

«<400> SEQUENCE: 5

Met Ala Glu Gly Glu Ile Thr Thr Phe Thr Ala Leu Thr Glu Lys Phe
1 5 10 15

Asn Leu Pro Pro Gly Asn Tyr Lys Lys Pro Lys Leu Leu Tyr Cys Ser
20 25 30

Asn Gly Gly His Phe Leu Arg Ile Leu Pro Asp Gly Thr Val Asp Gly
35 40 45

Thr Arg Asp Arg Ser Asp Gln His Ile Gln Leu Gln Leu Ser Ala Glu
50 55 60

Ser Val Gly Glu Val Tyr Ile Lys Ser Thr Glu Thr Gly Gln Tyr Leu
65 70 75 80

Ala Met Asp Thr Asp Gly Leu Leu Tyr Gly Ser Gln Thr Pro Asn Glu
85 90 95

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr
100 105 110

Thr Ser Lys Lys His Ala Glu Lys Asn Trp Phe Val Gly Leu Lys Lys
115 120 125

Asn Gly Ser Cysg Lys Arg Gly Pro Arg Thr His Tyr Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Leu Pro Val Ser Ser Asp
145 150 155

<210> SEQ ID NO 6

<211> LENGTH: 288

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: hFGF2

<400> SEQUENCE: 6

Met Val Gly Val Gly Gly Gly Asp Val Glu Asp Val Thr Pro Arg Pro
1 5 10 15

Gly Gly Cys Gln Ile Ser Gly Arg Gly Ala Arg Gly Cys Asn Gly Ile
20 25 30

Pro Gly Ala Ala Ala Trp Glu 2la Ala Leu Pro Arg Arg Arg Pro Arg
35 40 45

Arg His Pro Ser Val Asn Pro 2Arg Ser Arg Ala Ala Gly Ser Pro Arg
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50 55 60

Thr Arg Gly Arg Arg Thr Glu Glu Arg Pro Ser Gly Ser Arg Leu Gly
65 70 75 80

Asp Arg Gly Arg Gly Arg Ala Leu Pro Gly Gly Arg Leu Gly Gly Arg
85 90 95

Gly Arg Gly Arg Ala Pro Glu Arg Val Gly Gly Arg Gly Arg Gly Arg
100 105 110

Gly Thr Ala Ala Pro Arg Ala Ala Pro Ala Ala Arg Gly Ser Arg Pro
115 120 125

Gly Pro Ala Gly Thr Met Ala Ala Gly Ser Ile Thr Thr Leu Pro Ala
130 135 140

Leu Pro Glu Asp Gly Gly Ser Gly Ala Phe Pro Pro Gly His Phe Lys
145 150 155 160

Asp Pro Lys Arg Leu Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg Ile
165 170 175

Hig Pro Asp Gly Arg Val Asp Gly Val Arg Glu Lys Ser Asp Pro His
180 185 190

Ile Lys Leu Gln Leu Gln Ala Glu Glu Arg Gly Val Val Ser Ile Lys
195 200 205

Gly Val Cys Ala Asn Arg Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu
210 215 220

Leu Ala Ser Lys Cys Val Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu
225 230 235 240

Glu Ser Asn Asn Tyr Asn Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp
245 250 255

Tyr Val Ala Leu Lys Arg Thr Gly Gln Tyr Lys Leu Gly Ser Lys Thr
260 265 270

Gly Pro Gly Gln Lys Ala Ile Leu Phe Leu Pro Met Ser Ala Lys Ser
275 280 285

<210> SEQ ID NO 7

<211> LENGTH: 154

<212> TYPE: PRT

<213> ORGANISM: mouse

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: mFGEF2

<400> SEQUENCE: 7

Met Ala Ala Ser Gly Ile Thr Ser Leu Pro Ala Leu Pro Glu Asp Gly
1 5 10 15

Gly Ala Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu Tyr
20 25 30

Cys Lys Asn Gly Gly Phe Phe Leu Arg Ile His Pro Asp Gly Arg Val
35 40 45

Asp Gly Val Arg Glu Lys Ser Asp Pro His Val Lys Leu Gln Leu Gln
50 55 60

Ala Glu Glu Arg Gly Val Val Ser Ile Lys Gly Val Cys Ala Asn Arg
65 70 75 80

Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys Val
85 90 95

Thr Glu Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr Asn
100 105 110
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Thr Tyr Arg Ser Arg Lys Tyr Ser Ser Trp Tyr Val Ala Leu Lys Arg
115 120 125

Thr Gly Gln Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Met Ser 2Ala Lys Ser
145 150

<210> SEQ ID NO 8

<211> LENGTH: 154

<212> TYPE: PRT

<213> ORGANISM: rat

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: rFGF2

<400> SEQUENCE: 8

Met Ala Ala Gly Ser Ile Thr Ser Leu Pro Ala Leu Pro Glu Asp Gly
1 5 10 15

Gly Gly Ala Phe Pro Pro Gly Hisg Phe Lys Asp Pro Lys Arg Leu Tyr

Cys Lys Asn Gly Gly Phe Phe Leu Arg Ile His Pro Asp Gly Arg Val
35 40 45

Asp Gly Val Arg Glu Lys Ser Asp Pro His Val Lys Leu Gln Leu Gln
50 55 60

Ala Glu Glu Arg Gly Val Val Ser Ile Lys Gly Val Cys Ala Asn Arg
65 70 75 80

Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys Val
85 90 95

Thr Glu Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn Tyr Asn
100 105 110

Thr Tyr Arg Ser Arg Lys Tyr Ser Ser Trp Tyr Val Ala Leu Lys Arg
115 120 125

Thr Gly Gln Tyr Lys Leu Gly Ser Lys Thr Gly Pro Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Met Ser 2Ala Lys Ser
145 150

<210> SEQ ID NO 9

<211> LENGTH: 155

<212 TYPE: PRT

<213> ORGANISM: Bovine

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: bFGF2

<400> SEQUENCE: 9

Met Ala Ala Gly Ser Ile Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly
1 5 10 15

Gly Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu
20 25 30

Tyr Cys Lys Asn Gly Gly Phe Phe Leu Aryg Ile His Pro Asp Gly Arg
35 40 45

Val Asp Gly Val Arg Glu Lys Ser Asp Pro His Ile Lys Leu Gln Leu
50 55 60

Gln Ala Glu Glu Arg Gly Val Val Ser Ile Lys Gly Val Cys Ala Asn
65 70 75 80
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Arg Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys
85 90 95

Val Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn TyT
100 105 110

Asn Thr Tyr Arg Ser Arg Lys Tyr Ser Ser Trp Tyr Val Ala Leu Lys
115 120 125

Arg Thr Gly Gln Tyr Lys Leu Gly Pro Lys Thr Gly Pro Gly Gln Lys
130 135 140

Ala Ile Leu Phe Leu Pro Met Ser Ala Lys Ser
145 150 155

<210> SEQ ID NO 10

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: equine

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: eFGF2

<400> SEQUENCE: 10

Met Ala Ala Gly Ser Ile Thr Thr Leu Pro Ala Leu Pro Glu Asp Gly
1 5 10 15

Gly Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys Arg Leu
20 25 30

Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg Ile His Pro Asp Gly Arg
35 40 45

Val Asp Gly Val Arg Glu Lys Ser Asp Pro His Ile Lys Leu Gln Leu
50 55 60

Gln Ala Glu Glu Arg Gly Val Val Ser Ile Lys Gly Val Cys Ala Asn
65 70 75 80

Arg Tyr Leu Ala Met Lys Glu Asp Gly Arg Leu Leu Ala Ser Lys Cys
85 90 95

Val Thr Asp Glu Cys Phe Phe Phe Glu Arg Leu Glu Ser Asn Asn TyT
100 105 110

Asn Thr Tyr Arg Ser Arg Lys Tyr Ser Ser Trp Tyr Val Ala Leu Lys
115 120 125

Arg Thr Gly Gln Tyr Lys Leu Gly Pro Lys Thr Gly Pro Gly Gln Lys
130 135 140

Ala Ile Leu Phe Leu Pro Met Ser Ala Lys Ser
145 150 155

<210> SEQ ID NO 11

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: hFGF11CPP-C

<400> SEQUENCE: 11

Leu Leu Glu Val Ala Met Tyr Gln Glu Pro
1 5 10

<210> SEQ ID NO 12

«211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:
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<221> NAME/KEY: misc¢_feature
<223> OTHER INFORMATION: hFGF12CPP-C

<400> SEQUENCE: 12

Pro Ile Glu Val Cys Met Tyr Arg Glu Pro
1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: hFGF13CPP-C

<400> SEQUENCE: 13

Pro Leu Lys Val Ala Met Tyr Lys Glu Pro
1 5 10

«210> SEQ ID NO 14

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223>» OTHER INFORMATION: hFGF14CPP-C

<400> SEQUENCE: 14

Pro Leu Glu Val Ala Met Tyr 2rg Glu Pro
1 5 10

<210> SEQ ID NO 15

«<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Mouse

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: mFGF11CPP-C

<400> SEQUENCE: 15

Leu Leu Glu Val Ala Met Tyr Arg Glu Pro
1 5 10

<210> SEQ ID NO 16

<211> LENGTH: 10

<212 TYPE: PRT

<213> ORGANISM: Mouse

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: mFGF12CPP-C

<400> SEQUENCE: 16

Pro Ile Glu Val Cys Met Tyr 2rg Glu Pro
1 5 10

<210> SEQ ID NO 17

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Mouse

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: mFGF13CPP-C

<400> SEQUENCE: 17

Pro Leu Lys Val Ala Met Tyr Lys Glu Pro
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<210> SEQ ID NO 18

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Mouse

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: mFGF14CPP-C

<400> SEQUENCE: 18

Pro Leu Glu Val Ala Met Tyr Arg Glu Pro
1 5 10

<210> SEQ ID NO 19
<211> LENGTH: 10

<212 TYPE: PRT

<213> ORGANISM: Rat

<220> FEATURE:

<221> NAME/KEY: misc_feature

«223>» OTHER INFORMATION: rFGF11CPP-C

<400> SEQUENCE: 19

Leu Leu Glu Val Ala Val Tyr Arg Glu Pro
1 5 10

<210> SEQ ID NO 20

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Rat

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: rFGF12CPP-C

<400> SEQUENCE: 20

Pro Ile Glu Val Cys Met Tyr Arg Glu Pro
1 5 10

<210> SEQ ID NO 21

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Rat

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: rFGF13CPP-C

<400> SEQUENCE: 21

Pro Leu Lys Val Ala Met Tyr Lys Glu Pro
1 5 10

<210> SEQ ID NO 22
<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Rat

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: rFGFl4CPP-C

<400> SEQUENCE: 22
Pro Leu Glu Val Ala Met Tyr 2rg Glu Pro

1 5 10

<210> SEQ ID NO 23
<211> LENGTH: 10
<21l2> TYPE: PRT
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«<213> ORGANISM: Bovine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: bFGF11CPP-C

<400> SEQUENCE: 23

Pro Ile Glu Val Cys Met Tyr Arg Glu Pro
1 5 10

<210> SEQ ID NO 24

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Bovine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: bFGF12CPP-C

<400> SEQUENCE: 24

Pro Ile Glu Val Cys Met Tyr 2rg Glu Pro
1 5 10

<210> SEQ ID NO 25

<211> LENGTH: 10

<212> TYPE: PRT

«<213> ORGANISM: Bovine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223>» OTHER INFORMATION: bFGF13CPP-C

<400> SEQUENCE: 25

Pro Leu Lys Val Ala Met Tyr Lys Glu Pro
1 5 10

<210> SEQ ID NO 26

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Bovine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: bFGF14CPP-C

<400> SEQUENCE: 26

Pro Leu Glu Val Ala Met Tyr Arg Glu Pro
1 5 10

<210 SEQ ID NO 27

<211> LENGTH: 10

<212 TYPE: PRT

<213> ORGANISM: Equine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: eFGF11CPP-C

<400> SEQUENCE: 27

Pro Ile Glu Val Cys Met Tyr 2rg Glu Pro
1 5 10

<210> SEQ ID NO 28

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Equine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: eFGF13CPP-C

<400> SEQUENCE: 28
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Pro Leu Lys Val Ala Met Tyr Lys Glu Pro
1 5 10

<210> SEQ ID NO 29

«<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Equine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: eFGF14CPP-C

<400> SEQUENCE: 29

Pro Leu Glu Val Ala Met Tyr Arg Glu Pro
1 5 10

<210> SEQ ID NO 30

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: CPPF1

<400> SEQUENCE: 30

Met Ala Glu Gly Glu Ile Thr Thr Phe Thr Ala Leu Thr Glu Lys Phe
1 5 10 15

Asn Leu Pro Pro Gly Asn Tyr Lys Lys Pro Lys Leu Leu Tyr Cys Ser
20 25 30

Asn Gly Gly His Phe Leu Arg Ile Leu Pro Asp Gly Thr Val Asp Gly
35 40 45

Thr Arg Asp Arg Ser Asp Gln His Ile Gln Leu Gln Leu Ser Ala Glu
50 55 60

Ser Val Gly Glu Val Tyr Ile Lys Ser Thr Glu Thr Gly Gln Tyr Leu
65 70 75 80

Ala Met Asp Thr Asp Gly Leu Leu Tyr Gly Ser Gln Thr Pro Asn Glu
85 90 95

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr
100 105 110

Ile Ser Lys Lys Hig Ala Glu Lys 2Asn Trp Phe Val Gly Leu Lys Lys
115 120 125

Asn Gly Ser Cys Lys Arg Gly Prc Arg Thr His Tyr Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Leu Glu Phe Leu Leu Glu Val Ala Met Tyr Gln
145 150 155 160

Glu Pro Val Asp Pro Val Ser Ser Asp
165

<210> SEQ ID NO 31

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: CPPF2

<400> SEQUENCE: 31

Met Ala Glu Gly Glu Ile Thr Thr Phe Thr Ala Leu Thr Glu Lys Phe
1 5 10 15

Asn Leu Pro Pro Gly Asn Tyr Lys Lys Pro Lys Leu Leu Tyr Cys Ser
20 25 30
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Asn Gly Gly His Phe Leu Arg Ile Leu Pro Asp Gly Thr Val Asp Gly
35 40 45

Thr Arg Asp Arg Ser Agsp Gln His Ile Gln Leu Gln Leu Ser Ala Glu
50 55 60

Ser Val Gly Glu Val Tyr Ile Lys Ser Thr Glu Thr Gly Gln Tyr Leu
65 70 75 80

Ala Met Asp Thr Asp Gly Leu Leu Tyr Gly Ser Gln Thr Pro Asn Glu
85 90 95

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr
100 105 110

Ile Ser Lys Lys His Ala Glu Lys 2Asn Trp Phe Val Gly Leu Lys Lys
115 120 125

Asn Gly Ser Cys Lys Arg Gly Pro Arg Thr His Tyr Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Leu Glu Phe Pro Ile Glu Val Cys Met Tyr Arg
145 150 155 160

Glu Pro Val Asp Pro Val Ser Ser Asp
165

<210> SEQ ID NO 32

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: CPPF3

<400> SEQUENCE: 32

Met Ala Glu Gly Glu Ile Thr Thr Phe Thr Ala Leu Thr Glu Lys Phe
1 5 10 15

Asn Leu Pro Pro Gly Asn Tyr Lys Lys Pro Lys Leu Leu Tyr Cys Ser
20 25 30

Asn Gly Gly His Phe Leu Arg Ile Leu Pro Asp Gly Thr Val Asp Gly

Thr Arg Asp Arg Ser Asp Gln His Ile Gln Leu Gln Leu Ser Ala Glu
50 55 60

Ser Val Gly Glu Val Tyr Ile Lys Ser Thr Glu Thr Gly Gln Tyr Leu
65 70 75 80

Ala Met Asp Thr Asp Gly Leu Leu Tyr Gly Ser Gln Thr Pro Asn Glu
85 90 95

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr
100 105 110

Ile Ser Lys Lys His Ala Glu Lys Asn Trp Phe Val Gly Leu Lys Lys
115 120 125

Asn Gly Ser Cys Lys Arg Gly Pro Arg Thr His Tyr Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Leu Glu Phe Pro Leu Lys Val Ala Met Tyr Lys
145 150 155 160

Glu Pro Val Asp Pro Val Ser Ser Asp
165

«210> SEQ ID NO 33

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
«223> OTHER INFORMATION: CPPF4

<400> SEQUENCE: 33

Met Ala Glu Gly Glu Ile Thr Thr Phe Thr Ala Leu Thr Glu Lys Phe
1 5 10 15

Asn Leu Pro Pro Gly Asn Tyr Lys Lys Pro Lys Leu Leu Tyr Cys Ser
20 25 30

Asn Gly Gly His Phe Leu Arg Ile Leu Pro Asp Gly Thr Val Asp Gly
35 40 45

Thr Arg Asp Arg Ser Asp Gln His Ile Gln Leu Gln Leu Ser Ala Glu
50 55 60

Ser Val Gly Glu Val Tyr Ile Lys Ser Thr Glu Thr Gly Gln Tyr Leu
65 70 75 80

Ala Met Asp Thr Asp Gly Leu Leu Tyr Gly Ser Gln Thr Pro Asn Glu
85 90 95

Glu Cys Leu Phe Leu Glu Arg Leu Glu Glu Asn His Tyr Asn Thr Tyr
100 105 110

Ile Ser Lys Lys His Ala Glu Lys Asn Trp Phe Val Gly Leu Lys Lys
115 120 125

Asn Gly Ser Cys Lys Arg Gly Pro Arg Thr His Tyr Gly Gln Lys Ala
130 135 140

Ile Leu Phe Leu Pro Leu Glu Phe Pro Leu Glu Val Ala Met Tyr Arg
145 150 155 160

Glu Pro Val Asp Pro Val Ser Ser Asp
165

<210> SEQ ID NO 34

<211l> LENGTH: 181

<212» TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: hFGF12B

<400> SEQUENCE: 34

Met Glu Ser Lys Glu Pro Gln Leu Lys Gly Ile Val Thr Arg Leu Phe
1 5 10 15

Ser Gln Gln Gly Tyr Phe Leu Gln Met His Pro Asp Gly Thr Ile Asp
20 25 30

Gly Thr Lys Asp Glu Asn Ser Asp Tyr Thr Leu Phe Asn Leu Ile Pro
35 40 45

Val Gly Leu Arg Val Val Ala Ile Gln Gly Val Lys Ala Ser Leu Tyr
50 55 60

Val Ala Met Asn Gly Glu Gly Tyr Leu Tyr Ser Ser Asp Val Phe Thr
65 70 75 80

Pro Glu Cys Lys Phe Lys Glu Ser Val Phe Glu Asn Tyr Tyr Val Ile
85 90 95
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Tyr Ser

Leu Gly

Lys Thr
130

Met Tyr
145

Ser Arg

Asn Gln

Ser

Leu

115

Lys

Arg

Lys

Asp

Thr

100

Asn

Pro

Glu

Ser

Ser
180

Leu

Lys

Ser

Pro

Ser

165

Thr

Tyr

Glu

Ser

Ser

150

Gly

Arg

Gly

His

135

Leu

Thr

Gln

Gln

120

Phe

His

Pro

Gln

105

Ile

Val

Glu

Thr

Glu

Met

Pro

Ile

Met
170

Ser

Lys

Lys

Gly

155

Asn

Gly Arg
Gly Asn
125

Pro Ile
140

Glu Lys

Gly Gly

Ala
110
Arg

Glu

Lys

Trp

Val

Val

Gly

Val
175

Phe

Lys

Cys

Arg

160

Val

1. A chimeric protein comprising:
a fibroblast growth factor 1 (hereinafter referred to as an

FGF1) or a fibroblast growth factor 2 (hereinafter
referred to as an FGF2); and

a cell-membrane peptide (hereinafter referred to as a CPP-
C)including an amino acid sequence in a cell-membrane
domain present in any of C-terminal regions of fibroblast
growth factors 11 to 14 (hereinafter respectively referred
toasan FGF11,an FGF12,an FGF13, and an FGF14), or
an amino acid sequence having a sequence identity of
60% or more to the amino acid sequence in the cell-
membrane domain, the amino acid sequence having a
sequence pattern common to a hydrophilic amine acid or
a neutral amino acid and a hydrophobic amino acid;

a DNA molecule comprising a DNA sequence coding the
FGF1 or the FGF2 and a DNA sequence coding the
CPP-C; or

a vector comprising a DNA sequence coding the FGF1 or
the FGF2 and a DNA sequence coding the CPP-C.

2. The chimeric protein, the DNA molecule, or the vector
according to claim 1 where the FGF1 includes any of follow-
ing amino acid sequences and an FGF 1 activity is maintained:

1) an amino acid sequence is represented by any of SEQ ID

NOs. 1105,

2) an amino acid sequence has a sequence identity of 80%
or more to an amino acid sequence represented by SEQ
ID NO. 1, the amino acid sequence where the amino
acids 22 to 28 and 133 in the amino acid sequence are
maintained,

3) an amino acid sequence has a sequence identity of 80%
or more to an amino acid sequence represented by SEQ
1D NO. 2, the amino acid sequence where the amino
acids 22 to 28 and 133 in the amino acid sequence are
maintained,

4) an amino acid sequence has a sequence identity of 80%
or more to an amino acid sequence represented by SEQ
ID NO. 3, the amino acid sequence where the amino
acids 22 to 28 and 133 in the amino acid sequence are
maintained,

5) an amino acid sequence has a sequence identity of 80%
or more to an amino acid sequence represented by SEQ
ID NO. 4, the amino acid sequence where the amino
acids 22 to 28 and 133 in the amino acid sequence are
maintained, and

6) an amino acid sequence has a sequence identity of 80%

3.

or more to an amino acid sequence represented by SEQ
ID NO. 5, the amino acid sequence where the amino
acids 22 to 28 and 133 in the amino acid sequence are
maintained.

The chimeric protein, the DNA molecule, or the vector

according to claim 1, wherein
the chimeric protein, the DNA molecule, or the vector has

4.

a sequence identity of 90% or more to amino acid
sequences 1 to 150 represented by any of SEQ ID NOs.
1to 5.

The chimeric protein, the DNA molecule, or the vector

according to claim 1 where the FGF2 includes any of follow-
ing amino acid sequences and an FGF2 activity is maintained:

1) an amino acid sequence is represented by any of SEQ ID

NOs. 6 to 10,

2) an amino acid sequence includes an amino acid

sequence where some amino acids in an amino acid
sequence represented by SEQ ID NO. 6 are substituted
or deleted, or another amino acid is added to the amino
acid sequence, the amino acid sequence having a
sequence identity of 90% or more to the amino acids 134
to 288 in the amino acid sequence,

3) an amino acid sequence includes an amino acid

sequence where some amino acids in an amino acid
sequence represented by SEQ ID NO. 7 are substituted
or deleted, or another amino acid is added to the amino
acid sequence, the amino acid sequence having a
sequence identity of 90% or more to the amino acid
sequence,

4) an amino acid sequence includes an amino acid

sequence where some amino acids in an amino acid
sequence represented by SEQ ID NO. 8 are substituted
or deleted, or another amino acid is added to the amino
acid sequence, the amino acid sequence having a
sequence identity of 90% or more to the amino acid
sequence,

5) an amino acid sequence includes an amino acid

sequence where some amino acids in an amino acid
sequence represented by SEQ ID NO. 9 are substituted
or deleted, or another amino acid is added to the amino
acid sequence, the amino acid sequence having a
sequence identity of 90% or more to the amino acid
sequence, and
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6) an amino acid sequence includes an amino acid
sequence where some amino acids in an amino acid
sequence represented by SEQ ID NO. 10 are substituted
or deleted, or another amino acid is added to the amino
acid sequence, the amino acid sequence having a
sequence identity of 90% or more to the amino acid
sequence.

5. The chimeric protein, the DNA molecule, or the vector

according to claim 1, wherein

the CPP-C includes:

1) an amino acid sequence represented by any of SEQ ID
NOs. 11 to 29; or

2) an amino acid sequence where some amino acids of
the amino acid sequence are substituted, the amino
acid sequence having a sequence identity of at least
60% to the amino acid sequence, the amino acid
sequence where sequence patterns of hydrophilic
amino acids or neutral amino acids and hydrophobic
amino acids are common.

6. The chimeric protein, the DNA molecule, or the vector

according to claim 1, wherein

the CPP-C includes:

1) an amino acid sequence represented by any of SEQ ID
NOs. 11to 14; or

2) an amino acid sequence where some amino acids of
the amino acid sequence are substituted, the amino
acid sequence having a sequence identity of at least
60% to the amino acid sequence, the amino acid
sequence where sequence patterns of hydrophilic
amino acids or neutral amino acids and hydrophobic
amino acids are common.

7. The chimeric protein, the DNA molecule, or the vector

according to claim 5, wherein

the CPP-C includes an amino acid sequence formed of
following amino acids:
1st: proline or leucine
2nd: isoleucine or leucine
3rd: glutamic acid or lysine
4th: valine
Sth: cysteine or alanine
6th: methionine or valine
7th: tyrosine
8th: arginine, lysine, or glutamine
9th: glutamic acid.
10th: proline.

8. The chimeric protein, the DNA molecule, or the vector

according to claim 1, wherein

the CPP-C is consisted of amino acids of 40 or less.

9. The chimeric protein, the DNA molecule, or the vector

according to claim 8, wherein

the CPP-C is consisted of consecutive amino acids of 25 or
less derived from any of FGF11, FGF12, FGF13, and
FGF14.

10. The medicinal composition according to claim 1,

wherein

the CPP-C is bound to or inserted into a C-terminal region
of the FGF1 directly or via a joining segment.

11. The chimeric protein, the DNA molecule, or the vector

according to claim 1, wherein

the chimeric protein includes an amino acid sequence hav-
ing a sequence identity of at least 90% to an amino acid
sequence represented by any of SEQ ID NOs. 30 to 33.

12. The chimeric protein, the DNA molecule, or the vector

according to claim 11, wherein
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the chimeric protein maintains the amino acids 22 to 28 and
133 in an amino acid sequence represented by any of
SEQ ID NOs. 30 to 33.

13. A composition for medicine or for cell culture, wherein

the composition contains the chimeric protein, the DNA
molecule, or the vector according to claim 1.

14. The medicinal composition according to claim 13,
wherein

the medicinal composition contains a pharmaceutically

acceptable carrier.

15. The chimeric protein, the DNA molecule, the vector, or
the composition according to claim 1, wherein

the chimeric protein, the DNA molecule, the vector, or the

composition is used to:

maintain or grow a cell,

protect a stem cell,

inhibit an apoptosis of a cell,

promote a migration of a cell,

inhibit a proliferation or a metastasis of a tumor cell, or
recover a function of an ischemic tissue.

16. The chimeric protein, the DNA molecule, the vector, or
the composition according to claim 1, wherein

the chimeric protein, the DNA molecule, the vector, or the

composition is used to:

promote a healing of a wound,

protect a stem cell against a treatment causing an extinc-
tion of a stem cell, such as an exposure to radiation or
a chemotherapy,

prevent or treat a disorder of a tissue by radiation,

prevent or treat an ischemic disease, or

treat a malignant tumor.

17. The chimeric protein, the DNA molecule, the vector, or
the composition according to claim 1, wherein

the chimeric protein, the DNA molecule, the vector, or the

composition is used to:

prevent or treat a damage of an intestinal tract by radia-
tion,

prevent or treat a damage of a hair follicle by radiation or
a chemotherapy,

prevent or treat a limb ischemia,

prevent or treat an ischemic coronary artery disease,

prevent or treat a diabetic skin ulcer or a diabetic gan-
grene,

treat a tympanic membrane perforation, or

inhibit a proliferation or a metastasis of a malignant
tumor.

18. A method for preventing or treating a disease or a
symptom caused by a physiological phenomenon involving
an FGF1 or an FGF2, comprising

a step of administrating the chimeric protein, the DNA

molecule, the vector, or the composition according to
claim 1 of a therapeutically effective amount to a target
requiring the chimeric protein, the DNA molecule, the
vector, or the composition.

19. The method according to claim 18, wherein

the method is to:

maintain or grow a cell,

protect a stem cell,

inhibit an apoptosis of a cell,

promote a migration of a cell,

inhibit a proliferation or a metastasis of a tumor cell, or
recover a function of an ischemic tissue.
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20. The method according to claim 18, wherein
the method is to:
promote a healing of a wound,
protect a stem cell against a treatment causing an extine-
tion of a stem cell, such as an exposure to radiation or
a chemotherapy,
prevent or treat a damage of a tissue by radiation,
prevent or treat an ischemic disease, or
treat a malignant tumor.
21. The method according to claim 18, wherein
the method is to:
prevent or treat a damage of an intestinal tract by radia-
tion,
prevent or treat a disorder of a hair follicle by radiation
or a chemotherapy,
prevent or treat a limb ischemia,
prevent or treat an ischemic coronary artery disease,
prevent or treat a diabetic skin ulcer or a diabetic gan-
grene,
treat a tympanic membrane perforation, or
inhibit a proliferation or a metastasis of a malignant
tumor.

22. A use of the chimeric protein, the DNA molecule, the
vector, or the composition according to claim 1 to prepare a
medicine to:

maintain or grow a cell,

protect a stem cell,
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inhibit an apoptosis of a cell,

promote a migration of a cell,

inhibit a proliferation or a metastasis of a tumor cell, or
recover a function of an ischemic tissue.

23. A use of the chimeric protein, the DNA molecule, the

vector, or the composition according to claim 1 to prepare a
medicine to:

promote a healing of a wound,

protect a stem cell against a treatment causing an extinction
of a stem cell, such as an exposure to radiation or a
chemotherapy,

prevent or treat a damage of a tissue by radiation,

prevent or treat an ischemic disease, or

treat a malignant tumor.

24. A use of the chimeric protein, the DNA molecule, the

vector, or the composition according to claim 1 to prepare a
medicine to:

prevent or treat a damage of an intestinal tract by radiation,

prevent or treat a damage of a hair follicle by radiation or a
chemotherapy,

prevent or treat a limb ischemia,

prevent or treat an ischemic coronary artery disease,

prevent or treat a diabetic skin ulcer or a diabetic gangrene,

treat a tympanic membrane perforation, or

inhibit a proliferation or a metastasis of a malignant tumor.
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